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Abstract
The overall purpose of this Doctorate was to add to the evidence base on the relationships between the
environment in early childhood education and care (ECEC) centres, movement behaviour (physical
activity, sedentary behaviour and sleep), and adiposity, in young children.

This thesis comprises a literature review, followed by six studies: the first study (Environmental
Characteristics of Early Childhood Education and Care Centres and Young Children’s Weight Status:
A Systematic Review) systematically reviewed ECEC environmental correlates of weight status in
children under the age of 6 years using a socio-environmental framework. From the eight included
studies, 22 environmental characteristics were identified and classified into four domains (physical,
political, economic, and sociocultural); of these, six correlates were found. ‘Active environment’
‘sedentary opportunities’, ‘active play time’, ‘high sugar and high fat served’, ‘educators’ weight status’
and ‘educators’ habitual physical activity level’ were associated with weight status in young children.

The second, third, fourth and sixth studies analysed data from the GET-UP! Study, NSW, Australia.
The GET-UP! Study was a 12-month cluster randomized controlled trial (RCT) examining the effects
of reducing sitting time on cognitive development and executive functions in Australian toddlers. Data
were collected from March to August 2016 (baseline), and from February to July 2017 (follow-up). The
environmental characteristics of ECEC centres were assessed using the Infant/Toddler Environment
Rating Scale – Revised edition (ITERS-R). Movement behaviours was assessed using accelerometery.
Height and weight were measured and BMI z-score were calculated (by age and sex) and used as
indicator of adiposity.

The second study (Environmental characteristics of early childhood education and care, daily
movement behaviours and adiposity in toddlers: a multilevel mediation analysis from the GET UP!
Study) comprised 274 toddlers and showed that there were no significant direct effects or indirect effects
of the environmental characteristics of ECEC centres on toddlers’ adiposity through daily movement
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behaviours. It also found that, cross-sectionally, the environmental characteristics of “personal care
routine” and “activity” were positively associated with the percentage of time toddlers spent in
moderate-to-vigorous physical activity (MVPA), and “listening and talking” was positively associated
with nap(s) durations.

The third study (The associations between environmental characteristics of early childhood education
and care centres and one-year change in toddlers’ physical activity and sedentary behaviour) used a
prospective design, comprising 292 toddlers. This study showed that compared to baseline, children
spent a higher proportion of time in sedentary behaviour (sitting) but a lower proportion of time in
standing and in physical activity (stepping) while at ECEC centres at one-year follow-up. The
environmental characteristics of ECEC centres “interaction” and “program structure” were negatively
associated with change in the proportion of time spent in physical activity over one year.

The fourth study (The cross-sectional and prospective associations between sleep characteristics and
adiposity in toddlers: results from the GET UP! Study) used prospective design, comprising 202
toddlers and showed that total sleep duration was negatively associated with higher adiposity crosssectionally, but not prospectively; nap duration was prospectively associated with higher levels of
adiposity; and, sleep variability and sleep timing were not associated with concurrent or subsequent
adiposity.

The fifth study (Correlates of sleep duration in early childhood: a systematic review) systematically
reviewed correlates of sleep duration in children under five years of age using a socio-ecological
framework. From the 116 included studies, 83 correlates were identified (11 correlates of nap duration,
47 correlates of nighttime sleep duration, and 35 correlates of total sleep duration) including 18
demographic and biological correlates, 8 psychological, cognitive, and emotional correlates, 32
behavioural correlates, 14 social and cultural correlates, and 11 physical environmental correlates.

The sixth study (Correlates of nocturnal sleep duration, nocturnal sleep variability and nocturnal sleep

7

problems in toddlers: results from the GET UP! Study) was cross-sectionally designed, comprising 173
toddlers. This study showed that older children were more likely to have greater sleep variability; less
physical activity, shorter nap(s) and later wake-up times were associated with higher odds of having
longer nocturnal sleep duration; late bedtimes were associated with shorter nocturnal sleep duration and
with greater nocturnal sleep variability; and none of the potential correlates were associated with
nocturnal sleep problems.

The findings from this thesis suggest that several environment characteristics of ECEC centres are
associated with young children’s movement behaviours and/or adiposity. These characteristics may be
considered important targets for future interventions in ECEC centres aimed at promoting active
lifestyles and preventing obesity. Given the negative association between total sleep duration and
adiposity in toddlers, targeting this movement behaviour may also be an effective strategy to prevent
overweight and obesity among young children. This thesis also suggests that the correlates of sleep
duration are multidimensional, and consistent associations found in the demographic and biological
domain, behavioural domain, and social and cultural domains can inform future interventions aiming at
promoting healthy sleep duration.
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Chapter 1: General Introduction
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Early childhood overweight and obesity has become a serious public health challenge in recent decades.
During the last 20 years, the global prevalence of overweight and obesity among children under the age
of five years has increased at an alarming rate (De Onis, Blössner, & Borghi, 2010). In 2016, there were
41 million overweight or obese children in that age group, worldwide, and it is estimated that this
number will reach 70 million by 2025 (WHO, 2017). This is concerning, as overweight and obesity in
the early years is likely to track into later childhood, adolescence and adulthood (Lloyd, Langley-Evans,
& McMullen, 2012; Monteiro and Victora, 2005). Moreover, excessive weight gain in early childhood
has been associated with several deleterious health outcomes (Moss and Yeaton, 2014), such as elevated
inflammatory markers and blood pressure, which in turn tend to affect long-term health (Law et al.,
2002; Skinner, Steiner, Henderson, & Perrin, 2010; Vale, Trost, Rêgo, Abreu, & Mota, 2015). These
findings reinforce the need to prevent overweight and obesity at the earliest stage of life, making it
important to identify the factors that influence weight status in young children.

Some authors argue that a main factor behind the obesity epidemic is the environment (Hill and Peters,
1998; Hill, Wyatt, Reed, & Peters, 2003; Pozza and Isidori, 2018; Witten, 2016). It is known that
environmental characteristics can influence an individual’s activity level (e.g. through the availability
of active opportunities) (Mackenbach et al., 2014; Sallis, Floyd, Rodríguez, & Saelens, 2012) and as
well as dietary behaviours (e.g. though availability, accessibility and affordability of foods) (BooneHeinonen et al., 2011). In turn, certain environments may be more “obesogenic” than others, as some
of their characteristics are more likely to promote obesity-related behaviours (e.g. less physical activity;
more sedentary behaviour; adverse dietary patterns) and therefore excessive weight gain and obesity
(Lakerveld, Mackenbach, Rutter, & Brug, 2017; Swinburn, Egger, & Raza, 1999). Young children are
especially vulnerable to obesogenic environments, as they are not able to make informed health-related
decisions themselves (Nutbeam, Aar, & Catford, 1989; Patrick and Nicklas, 2005), highlighting the
importance of promoting healthy environments in places frequented by young children.

Early Childhood Education and Care (ECEC) centres have the capacity to influence children’s adiposity
levels, given the increase in attendance rates and the fact that children spend a large proportion of the
17

day in these settings (Adamson, 2008; Laughlin, 2013). Indeed, evidence suggests that prevention
programmes in ECEC settings that incorporated environmental changes were more sustainable and
effective than those that did not in influencing adiposity and obesity-related behaviours (Zhou,
Emerson, Levine, Kihlberg, & Hull, 2014). However, the associations between ECEC centres
attendances and weight status in preschool-aged children reported across studies are mixed. This
suggests that not attending ECEC centres per se, but environmental differences between ECEC centres
may be important factors influencing children’s adiposity (Swyden, Sisson, Lora, Castle, & Copeland,
2017).There is evidence suggesting direct associations between environmental characteristics of ECEC
centres and adiposity in young children. For instance, it has been suggested that educators weight, a
sociocultural environmental characteristic, is positively associated with adiposity in pre-schoolers
(Hoffmann, Tug, & Simon, 2014). However, it is not fully understood which environmental
characteristics of ECEC centres are associated with young children’s adiposity (Swyden, et al., 2017).

From a movement perspective, physical activity, sedentary time and sleep can be considered a
continuum ranging from high to low/no movement, with the daily time allocation in each of these
behaviours constituting a 24-hour period (Chastin, Palarea-Albaladejo, Dontje, & Skelton, 2015;
Pedišić, 2014). Each of these movement behaviours as well as their combinations have been associated
with adiposity in school-aged children and adolescents (Chaput, Saunders, & Carson, 2017b). Evidence
in early childhood regarding the associations between adiposity and physical activity and sedentary
behaviours is less consistent (Carson et al., 2017; Poitras et al., 2017) and therefore more studies are
needed to test these associations in this age group. Although in previous studies sleep duration has been
associated with adiposity in young children, sleep was predominately assessed with subjective measures
(e.g., parents report), which are less accurate than objective measures and could therefore affect the
strength of the evidence (Chaput et al., 2017a). In addition, most studies examined such associations
only in preschool-aged children; much less is known in toddlerhood (Chaput, et al., 2017a; Hager et al.,
2016).
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Given the potential influence of movement behaviours on adiposity in early childhood, fully
understanding the correlates of these movement behaviour would be important for the designs of
effective interventions for obesity prevention. Whilst a number of studies and reviews using the social
ecological framework have examined the correlates of physical activity and sedentary behaviour in
young children, much less is known regarding the correlates of sleep duration in the early years
(Hinkley, Crawford, Salmon, Okely, & Hesketh, 2008; Hinkley, Salmon, Okely, & Trost, 2010; Tonge,
Jones, & Okely, 2016). Since sleep patterns can vary between individuals and are explained by
multidimensional factors (Chaput, et al., 2017a), there is a need to comprehensively understand the
correlates of sleep in early childhood, including those in the ECEC centre context, which could inform
the design of future interventions aimed at improving sleep in young children.

Finally, ECEC environments may affect young children’s adiposity though the mediating role of
weight-related behaviours. It seems that physical activity and sedentary behaviours in pre-schoolers are
likely to be influenced by the environments of ECEC centres (Bower et al., 2008; Christakis and
Garrison, 2009; Henderson, Grode, O’Connell, & Schwartz, 2015; Jiang et al., 2009; Pate, McIver,
Dowda, Brown, & Addy, 2008; Sugiyama, Okely, Masters, & Moore, 2012; Tonge, et al., 2016).
Daytime napping, as an essential part of total sleep duration in young children, is an important part of
the daily routine in most ECEC centres (Ward, Gay, Anders, Alkon, & Lee, 2007). Although nap(s)
duration is largely influenced by environment cues (Touchette et al., 2013), there is little evidence on
the associations between the ECEC environment and nap(s) duration in young children, especially in
children under the age of three, despite their high and increasing attendance rates in ECEC centres
(Australian Bureau of Statistics, 2017; Organization for Economic Cooperation and Development,
2018). Moreover, although these movement behaviours, especially physical activity and sedentary
behaviours were common mediating behaviours in most obesity prevention environmental interventions
in ECEC centres (Zhou, et al., 2014), little is known regarding the indirect effects of the ECEC centres
environment on young children’s adiposity mediated through movement behaviours.

The purpose of this thesis was to conduct research that would address these gaps in the evidence base.
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1.1 Aim
The overall aim of this doctorate was to conduct a set of studies to strengthen the evidence-base on the
relationships between ECEC environments, daily movement behaviours and obesity in toddlers. This
PhD consists of six specific aims:
1. To systematically review the literature on the associations between environmental characteristics of
ECEC centres and adiposity in children under the age of six years, and to assess these associations in
toddlers;
2. To examine the indirect effects of environmental characteristics of ECEC centres on toddlers’
adiposity through movement behaviours in toddlers;
3. To examine the cross-sectional and prospective associations between ECEC environmental
characteristics and movement behaviours in toddlers;
4. To examine the associations between movement behaviours and adiposity in toddlers.
5. To systematically review the literature on the correlates of sleep duration in children under the age
of five years;
6. To explore the correlates of nighttime sleep (duration, variability, problems) in toddlers.

1.2 Research questions
This Doctoral project investigated the following research questions:
1. What environmental characteristic(s) of ECEC centres are associated with adiposity in children
aged from birth to six years?
2. Do environmental characteristic(s) of ECEC centres have indirect effects on toddlers’ adiposity
through physical activity, sedentary behaviour and nap(s)?
3. Which environmental characteristic(s) of ECEC centres are cross-sectionally associated with
physical activity, sedentary behaviour and nap(s) in toddlers?
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4. What environmental characteristic(s) of ECEC centres are associated with the one-year change
in toddlers’ physical activity and sedentary behaviour?
5. Are physical activity, sedentary behaviour and sleep cross-sectionally associated with adiposity
in toddlers?
6. Is sleep (nap, nighttime sleep, total sleep) duration associated with adiposity in toddlers over
one-year?
7. What are the correlates of sleep (nap(s), nighttime sleep, total sleep) duration in children under
the age of five years?
8. What are the correlates of nighttime sleep (duration, variability, problems) in toddlers?

1.3 Overview of thesis
This thesis includes a literature review, six original research studies reported in separate chapters, a
general discussion, and conclusions. Five of the original studies have been accepted for publication in
peer-reviewed journals (Chapters 4, 5, 6, 7, 9), and Chapters 8 have been submitted for publication in
peer-reviewed journal.

Chapter 2 reviews the literature on (1) the definitions, prevalence and trends, and health consequences
of (i) overweight and obesity and (ii) movement behaviours, in early childhood; (2) the risk factors for
(i) overweight and obesity and (ii) movement behaviours in early childhood; (3) the relationship
between ECEC environments and adiposity; (4) the relationship between ECEC environments and
movement behaviours; and (5) the relationships between movement behaviours and adiposity. The
chapter also presents the gaps in the literature and highlights the evidence required to address these
gaps, which is used to justify the aims of this thesis.

Chapter 3 of this thesis generally describes the methods used in following six studies – Chapter 4-9.
The link between these studies was shown in Figure 1.1.
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Chapter 4 of this thesis addresses specific aim 1 and answers research question 1 by systematically
reviewing the literature in the association between ECEC environmental characteristics and weight
status in children under the age of six. This study has been published in Preventive Medicine (Zhang et
al., 2018a).

Chapter 5 addresses specific aim 2 and research question 2 by examining the indirect effect of
environmental characteristics of ECEC centres on adiposity in toddlers through physical activity,
sedentary behaviour and nap duration. Chapter 4 also addresses specific aim 3 and 4 and research
questions 3 and 5 by examining the cross-sectional associations between environmental characteristics
of ECEC centres and physical activity, sedentary behaviour and nap(s) duration, as well as the
associations between adiposity and physical activity, sedentary behaviour or nap(s) in toddlers. This
study has been published in Health and Place (Zhang et al., 2018b).

Chapter 6 addresses specific aim 3 and research question 4 by examining the associations between
environmental characteristics of ECEC centres and one-year change in young children’s physical
activity and sedentary behaviour. This study has been accepted for publication in Journal of Physical
Activity and Health.

Chapter 7 addresses specific aim 4 and research questions 5 and 6 by examining the cross-sectional and
prospective association between sleep duration (naps, nighttime sleep and total sleep) and adiposity in
toddlers. This study has been published in Pediatric Obesity (Zhang et al., 2019a).

Chapter 8 addresses specific aim 5 and research question 7 by systematically reviewing the literature
on correlates of sleep duration (naps, nighttime sleep and total sleep) in children under the age of five
years. This study has been reviewed, revised and resubmitted to Behavioral Sleep Medicine for
consideration for publication.

Chapter 9 addresses specific aim 6 and research question 8 by examining the potential correlates of
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nighttime sleep duration. nighttime sleep variability and nighttime sleep problems in toddlers. This
study has been published in Sleep Medicine (Zhang et al., 2019b).

The eight chapters are followed by a general discussion and a conclusion chapter. This final chapter
includes a summary of the key findings, the overall strengths and limitations of this thesis, implications
of the findings and future research directions.

1.4 Significance
Childhood overweight and obesity affects children’s health, growth and development and tend to track
into later life course. The first 5 years of life are considered a critical period for the development of
overweight and obesity, especially given the occurrence of adiposity rebound at the end of this period
(Geserick et al., 2018; Whitaker, Pepe, Wright, Seidel, & Dietz, 1998). Given the contribution of the
environment in the obesity epidemic, ECEC centres, as an environment where many young children
spend a large proportion of their waking hours, may greatly influence children’s adiposity.
Understanding which environmental characteristics of ECEC centres are associated with young
children’s adiposity and weight-related behaviours is important for preventing overweight and obesity
in early childhood. Conversely, and because there is scarce evidence regarding the associations between
ECEC centres environments, movement behaviours and adiposity in children under the age of three; it
is important to examine these relationships, especially given the large proportion of children in this age
group attending ECEC centres (Australian Bureau of Statistics, 2017; Organization for Economic
Cooperation and Development, 2018).

This proposed doctoral research provides a comprehensive description of the relationships between
environmental characteristics of ECEC centres, movement behaviours and adiposity in toddlers. In
particular, it explores the indirect effects of ECEC environments on adiposity through movement
behaviours, including physical activity, sedentary behaviour and sleep. The results provide guidance
for practice and facilitate future interventions to promote healthy weight and related behaviours in
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toddlers in ECEC centres settings.

1.5 Delimitations
This study was delimited in the following manner:
1. This project is part of a Discovery Early Career Researcher Award (DECRA) project – the
GETUP! Study (Santos et al., 2016), which was a 12-month cluster randomised controlled trail
(RCT). The RCT aimed to examine the effects of reducing sitting time on cognitive
development and executive function in Australian toddlers. Secondary analyses of data from
the RCT were conducted for this thesis.
2. Participants were healthy toddlers aged 12-26 months at baseline and who attended the
participating ECEC services at least 6 hours per day on at least two days per week.
3. Participating ECEC services were from Illawarra region in NSW Australia, each of which had
at least 20 toddlers enrolled, from low to medium socioeconomic backgrounds.
4. ECEC environments were evaluated using the Infant/Toddler Environment Rating Scalerevised edition (ITERS-R) (Harms, Cryer, & Clifford, 2006).
5. Adiposity was indicated by body mass index (BMI) z-score.
6. Movement behaviours were objectively measured using accelerometers (Actigraph GT3X+)
worn for over a 24-hours, 7 consecutive-day period.
7. Physical activity and sedentary behaviour while at the ECEC services in Chapter 5 were
measured using the activPAL3 (PAL technologies, Glasgow).
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Figure 1. 1 Illustration of the link between studies
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Chapter 2: Literature Review
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This Chapter is structured according to the Behavioural Epidemiology Framework (Sallis, Owen, &
Fotheringham, 2000) to review and evaluate the literature on adiposity and movement behaviours and
their relationships with ECEC centre environment in young children (Figure 2.1). This Chapter begins
by defining the concept of obesity, followed by a summary of the prevalence and trends in early
childhood obesity, and health and developmental outcomes associated with obesity and obesity risk
factors in early childhood. This Chapter then reviews literature in the areas of physical activity (PA),
sedentary behaviour (SB), and sleep in early childhood, from (i) definition and assessment, (ii)
prevalence and guidelines, (iii) associations with adiposity and with (iv) other health indicators, and (v)
potential correlates. It also reviews the associations between integrated movement behaviours and
adiposity, the co-dependency between movement behaviours and the use of compositional data analyses
(CODA) in movement behaviour research. At the end of this Chapter, the relationships between the
ECEC environments and adiposity in young children are reviewed. Finally, the chapter summarises the
relationships between ECEC environments and movement behaviours as well as the potential mediation
effects of movement behaviours in the relationship between ECEC centre environment and adiposity.

2.1 Early childhood obesity
2.1.1 Definition of Obesity
Obesity is defined as a condition of abnormal or excessive fat accumulation in the adipose tissue
(adiposity) (WHO, 2000). In clinical practice, paediatric adiposity can be estimated by various methods
(Horan, Gibney, Molloy, & McAuliffe, 2015; Kopelman, 2000), including anthropometry (weight,
height circumference, skinfold thickness), bioelectrical impedance (BIA), dual energy X-ray
absorptiometry, air displacement plethysmography, magnetic resonance imaging (MRI), computed
tomography, and ultrasound. Among these methods, BMI and waist circumferences are practical and
sufficient to enable diagnosis of childhood overweight and obesity (Horan, et al., 2015).

BMI, calculated as weight in kilograms divided by the square of height in metres (WHO, 2000), is the
most commonly used index for classifying weight status in epidemiological studies (Friedman, 2009;
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Kopelman, 2000). It has been argued that BMI may not the best measure of adiposity. Since obesity is
an excess of adipose tissue, the view that BMI is inadequate to distinguish fat mass and fat-free mass
and fat mass (FM) could be a better indicator of obesity is commonly held (Bouchard, 2007). However,
data on the relationship between BMI and FM do not provide convincing support for this concept, since
it has been found in adults that BMI and FM had a weighted correlation of 0.94 (Bouchard, 2007). In
school-aged children, BMI is also highly correlated with dual X-ray absorptiometry (rs = 0.87), which
performed very well against the gold standard in children aged 6-18 years (Boeke et al., 2013).

The classification of overweight and obesity in adult populations is mostly defined by BMI (WHO,
2000), with the cut-off points of 25kg/m2 and 30km/m2, respectively (Pi-Sunyer et al., 1998). However,
it is more difficult to identify fixed BMI cut-off points in children, not only because of the long time
span before adverse outcomes appear (Flegal and Ogden, 2011), but also because that there are
differences in growth between different age groups, sexes and ethic groups (Han, Lawlor, & Kimm,
2010). As a result, BMI-for-age cut-off points have been developed using age- and sex- specific
reference values to compare BMI value in certain groups (Wang and Lobstein, 2006); these are often
used to define of childhood overweight and obesity. Children are classified as being overweight or
obese if their BMI is above certain cut-off points (Anderson and Butcher, 2006). Additionally, the BMIfor-age cut-off points can be translated into percentiles or Z-scores (Flegal and Ogden, 2011).

A number of BMI references exist in children in certain countries (Cole, Freeman, & Preece, 1995;
Cole and Lobstein, 2012; Kuczmarski et al., 2000; Rolland-Cachera et al., 1991), often developed from
nationally representative data. For example, the US Centres for Disease Control and Prevention (CDC)
2000 growth charts for US were based on the data for weight, height and head circumference that are
collected from the National Health and Nutrition Examination Surveys (NHANES) among
representative samples of US children (Kuczmarski et al., 2002), and the 85th percentile for overweight
and 95th percentile for obesity are recommended for BMI-for-age cut-off points. International reference
values have also been developed, to facilitate global comparison of overweight and obesity prevalence.
One of the references is the International Obesity Taskforce (IOTF) international standard growth chart
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(Cole, Bellizzi, Flegal, & Dietz, 2000), providing age- and sex- specific cut-off points from 2 to 18
years of age. Another widely used international reference in early childhood is WHO child growth
standards (Onis, 2006), which defines obesity as a BMI z-score > 3 and overweight as a BMI z-score >
2.

Waist circumference is another important indicator of central obesity and may predict obesity-related
morbidity late in life (Gläßer, Zellner, & Kromeyer-Hauschild, 2011), and thus can be used as
supplementary assessment of adiposity (Horan, et al., 2015). Waist circumference depends on age, sex
and height. Currently, there are no universal waist circumference reference values for young children
(Gläßer, et al., 2011), although waist circumference reference values for children and adolescents in
some countries have been developed (Santos et al., 2012; Sardinha et al., 2012).

2.1.2 Prevalence and trends
The global prevalence of overweight and obesity in young children (<5 years of age) has increased from
4.2% to 6.9% between 1990 and 2010 (De Onis, Blössner, & Borghi, 2010). In 2016, there were 41
million overweight or obese children under five years in 2016 and this number is estimated to reach 70
million by 2025 (WHO, 2017). In 2014-2015 in Australia, around 20% children aged 2-4 years were
overweight or obese (AIHW, 2017). Moreover, once considered a high-income country problem,
overweight and obesity are now on the rise in low- and middle-income countries, particular in urban
settings (WHO, 2017). The majority of overweight or obese children live in developing countries, where
the rate of increase has been more than 30% higher than that of developed countries (WHO, 2017). In
Africa, the number of overweight children under five has increased by nearly 50% since 2000, and
nearly half of the children of this age who were overweight and obese in 2016 lived in Asia (WHO,
2017).

2.1.3 Health and development outcomes
Childhood obesity can profoundly affect children’s physical health, social, and emotional well-being,
and self-esteem (Sahoo et al., 2015). Obesity in childhood has been linked with numerous medical
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consequences, including cardiovascular risk, metabolic syndrome (Daniels, 2006; Ebbeling, Pawlak, &
Ludwig, 2002; Han, et al., 2010), pulmonary complications (such as sleep apnoea (Tauman and Gozal,
2006) and apnoea (Figueroa-Munoz, Chinn, & Rona, 2001)), gastrointestinal disorders (Phatak, Phadke,
& Pashankar, 2016) and skeletal conditions (Murray and Wilson, 2008; Timpson, Sayers, Davey-Smith,
& Tobias, 2009). In the early years, accelerated weight gain has been associated with elevated
inflammatory markers and blood pressure, which in turn are linked with long-term vascular damage
(Law et al., 2002; Skinner, Steiner, Henderson, & Perrin, 2010). Overweight and obese children are
more likely to suffer several social and emotional consequences (Daniels, 2006; Sahoo, et al., 2015;
Wyatt, Winters, & Dubbert, 2006), such as depression (Reeves, Postolache, & Snitker, 2008; Sjöberg,
Nilsson, & Leppert, 2005), stigma (Rankin et al., 2016) and discrimination (Sahoo, et al., 2015). These
negative social and emotional problems could contribute to low self-esteem, low self-confidence and a
negative body image (Gilbert and Thompson, 2014; Pulgaron, 2013). For example, children as young
as 5 years who have a higher weight status could develop lower self-concept (Davison and Birch,
2001). Furthermore, childhood obesity is associated with poorer academic performance and a lower
quality of life experienced by the children (Sahoo, et al., 2015).

Obesity can track from childhood into adulthood (Daniels, 2006; Simmonds, Llewellyn, Owen, &
Woolacott, 2016). Evidence suggests that rapid weight gain in the early years is a significant predictor
of adiposity in later life (Baird et al., 2005; Monteiro and Victora, 2005; Ong and Loos, 2006; Zheng et
al., 2018). In particular, the rate of weight gain in toddlerhood (up to age 2 years) has been shown to be
strongly associated with subsequent obesity (Druet et al., 2012).

2.2 Risk factors for early childhood overweight and obesity
Although there is strong evidence to support a genetic predisposition to obesity, obesity is also a
consequence of an energy imbalance, when energy intake exceeds energy expenditure over a period of
time (Proctor et al., 2003; WHO, 2000). Indeed, genes and environment interact in a complex system
that regulates energy balance (Bouret, Levin, & Ozanne, 2015; Friedman, 2009; Heymsfield and
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Wadden, 2017; Hill, Wyatt, Reed, & Peters, 2003; Kopelman, 2000; Reddon, Gueant, & Meyre, 2016;
Spiegelman and Flier, 2001). It was thought that the body exerts a stronger defence against undernutrition and weight loss than it does against overconsumption and weight gain (WHO, 2000).
However, powerful environmental factors influence energy intake and expenditure, and may
overwhelm physiological processes (Campbell, 2015; Lakerveld, Mackenbach, Rutter, & Brug, 2017;
Sahoo, et al., 2015; WHO, 2000). The individual susceptibility to these factors is affected by genetic
and other biological factors, such as sex, age and hormonal activity, which are less likely to be modified
(Campbell, 2015; Sahoo, et al., 2015; WHO, 2000). Dietary factors and movement behaviours are
considered to be the modifiable intermediate factors through which the environmental factors influence
adiposity (Hruby et al., 2016; Llewellyn and Wardle, 2015; WHO, 2000).

2.2.1 Genetic and biological factors
Evidence shows that some people are more prone to become overweight and obese than others, and
these individuals exist in countries varying in lifestyle and environmental conditions, suggesting genetic
and biological differences between individuals play a significant role in obesity development (Bouret,
et al., 2015; Castillo, Hazlett, Orlando, & Garver, 2017). Single gene mutations and polygenetic
inheritance could cause obesity in humans. For example, a mutation in the gene encoding leptin, a
hormone that inhibits food intake and stimulates energy expenditure (Crujeiras et al., 2015), could lead
to sever, early-onset obesity (Montague et al., 1997). In general, susceptibility to obesity may be caused
by an interaction between at least 253 obesity-associated genes (Rankinen et al., 2006). Some perinatal
factors (Ebbeling, et al., 2002), maternal factors (such as weight gain during pregnancy, diabetes, or
smoking) (Huang, Lee, & Lu, 2007; Oken, Levitan, & Gillman, 2008) and birth weight can also be risk
factors for early-life obesity (Baidal et al., 2016; Martins and Carvalho, 2006). In addition, certain
periods across the lifespan could be critical for weight gain. For children, rapid growth in infancy (i.e.,
a z-score change greater than 0.67 in weight-for-age between two different ages in childhood (Monasta
et al., 2010)) could predict subsequent overweight and obesity (Baird, et al., 2005; Monteiro and
Victora, 2005). Another critical period is adiposity rebound (Ebbeling, et al., 2002; Han, et al., 2010),
occurring usually around age 5-7 years (Rolland-Cachera, Deheeger, Maillot, & Bellisle, 2006). During
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this period, children’s BMI normally increases rapidly after a gradual decline during the preschool
years. The period of adiposity rebound has been identified as critical for weight gain (WHO, 2000), and
children with an early adiposity rebound are more likely to become overweight and obese later in life
(Rolland-Cachera, et al., 2006; Rolland-Cachera et al., 1984).

2.2.2 Behavioural factors
Dietary factors and movement behaviours influence the energy balance equation and can be considered
as major modifiable behavioural factors associated with obesity development (WHO, 2000).

2.2.2.1 Diet
It has been suggested that the consumption of energy-dense, nutrient-poor food (e.g. fatty snacks) and
sugar-sweetened beverages are important behavioural factors that help explain the increased obesity
epidemic in children (De Craemer et al., 2015; Paes, Ong, & Lakshman, 2015). However, evidence for
associations between these dietary behaviours and obesity in young children is inconclusive (Te Velde
et al., 2012). For example, findings regarding the associations between sugar-sweetened beverages
consumption and overweight among pre-schoolers are mixed (Fiorito, Marini, Francis, SmiciklasWright, & Birch, 2009; Johnson, Mander, Jones, Emmett, & Jebb, 2007; Lim et al., 2009). However,
the lack of evidence does not imply an absence of the associations, but rather this may be due to
variations in diet-related behaviours assessment as well as the low methodological quality of relevant
studies (Te Velde, et al., 2012).

2.2.2.2 Movement behaviours
From a movement perspective, sleep, SB and PA range on a continuum from no/low movement to high
intensity movement; and, daily time allocating to each of these movement behaviours represents
portions of a 24-hour period (Carson, Tremblay, Chaput, & Chastin, 2016c; Chastin, PalareaAlbaladejo, Dontje, & Skelton, 2015). There is some evidence that the proportion of time spent in these
behaviours is associated with childhood obesity (Chaput, Saunders, & Carson, 2017b; Miller, Lumeng,
& LeBourgeois, 2015; Mitchell et al., 2017). Evidence of the associations between movement
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behaviours and adiposity in early childhood will be further reviewed in section 2.3 of this Chapter.

2.2.3 Environmental factors
Environmental correlates of obesity are multidimensional (Lipek, Igel, Gausche, Kiess, & Grande,
2015). Although the term “environment” generally refers to the physical and sociocultural surroundings
with which individuals interact (Sallis, 2015; Stokols, 1992), a range of classifications for
environmental aspects have been proposed from several ecological models (Sallis, 2015). Of these, the
Analysis Grid for Environments Linked to Obesity (ANGELO) framework (Swinburn, Egger, & Raza,
1999), specifically designed for the conceptualising obesogenic environments and prioritising potential
areas for interventions (Lakerveld, et al., 2017). This framework characterise the elements within micro
and macro environments that may influence diet, PA and SB (Lakerveld, et al., 2017). Microenvironments are those that directly interact with individuals, including schools, workplaces, families
and neighbourhoods — ECEC settings are micro-environments. Macro-environments are the broader
environments, such as governments, education systems and the food industry. Within both categories,
environments can be further classified into four domains: the physical environment, which refers to
availability; the economic environment, which refers to cost; the political environment, which refers to
rules; and the sociocultural environment, which refers to attitudes, beliefs, and values (Swinburn, et al.,
1999). For example, in an ECEC centre, the physical environment could include the availability of
healthy food and play equipment; the economic environment could include the expense of childcare
(e.g., cost of healthy food); the political environment could include the care centre’s policies to
encourage physical activity and support healthy eating; and the sociocultural environment could include
educators’ attitudes and behaviours related to lifestyles (e.g., food habits, active lifestyles).

There is growing consensus among researchers that environment, rather than genetic makeup, is the
driving force for the obesity epidemic, based on a rapid rise in prevalence over a relatively short period
of time (Hill and Peters, 1998; Hill, et al., 2003; Ip et al., 2017). An obesogenic environment (i.e., an
environment that provides inexpensive energy-dense food, discourages PA and promotes sedentariness)
is more likely to promote obesogenic behaviours, weight gain and obesity in individuals or populations
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(Swinburn, et al., 1999). For example, children’s food choice can be greatly influenced by its
availability and accessibility (Kelly et al., 2010; Strasburger, 2011; Water, 2011). In past decades, there
has been a decrease in the availability of healthy foods in some communities due to less neighbourhood
access to low-calorie and nutritious foods (Huntsman and White, 2007; Kumanyika, 2008), whilst
marketing of fast food and sugar-sweetened beverages has increased the knowledge of unhealthy foods
(Water, 2011; White, 2007). This change tends to encourage children to unrelentingly request the
advertised items and consume these energy-dense foods (Kelly, et al., 2010), which in turn could lead
to excessive weight gain (Malik, Schulze, & Hu, 2006; Rosenheck, 2008). A number of environmental
characteristics may also affect adiposity by keeping children from being physically active. The presence
of screens in bedrooms, for instance, has been associated with increased sedentary-based media use in
children under the age of three (Duch, Fisher, Ensari, & Harrington, 2013), which in turn may increase
the risk of being overweight (Poitras et al., 2017). Conversely, Duncan et al. found that children living
in neighbourhoods with fewer open recreational spaces, less residential density, less traffic density, less
sidewalk completeness and less intersection density were more likely to have an higher BMI z-score
(Duncan et al., 2014). Ip et al. suggested that a PA-friendly school environment was associated with
lower risk of childhood obesity (Ip, et al., 2017).

As young children are not able to make informed health-related choices on their own, they could be
more susceptible to obesogenic environments (Hill, et al., 2003; Nutbeam, Aar, & Catford, 1989;
Patrick and Nicklas, 2005), indicating the importance of promoting healthy environments in places
frequented by them, such as ECEC centres.

2.3 Movement behaviours
Sleep, SB and PA are mutually exclusive time-use components that together comprise the entire 24hr
day. It has been suggested that each of these movement behaviours as well as their combinations are
associated with adiposity and many other health indicators in young children (Carson et al., 2017;
Chaput et al., 2017a; Kuzik et al., 2017; Poitras, et al., 2017)
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2.3.1 Sleep
2.3.1.1 Definition and assessment of Sleep
Sleep is defined as a naturally recurring state of body and mind characterised by altered consciousness,
relatively inhibited sensory activity, inhibition of nearly all voluntary muscles and reduced interaction
with surroundings (Chaput, Saunders, & Carson, 2017c). Sleep is characterised by multiple dimensions,
including (Buysse, 2014):
•

sleep duration: The total amount of sleep;

•

sleep timing: The placement of sleep;

•

sleep variability: intra-individual, night-to-night variability of sleep duration;

•

sleep quality: The subjective assessment of “good” or “poor” sleep;

•

sleep continuity or efficiency: The ease of falling asleep and returning to sleep.

Sleep can be measured objectively (e.g., polysomnography, videosomnography, actigraphy and direct
observations) or subjectively (e.g. sleep diaries and questionnaires) (Chaput, et al., 2017c; Sadeh, 2015).
Polysomnography is considered the gold standard of sleep assessment, which is based on laboratory or
ambulatory monitoring that usually includes electrical brain activity (EEG), muscle activation (EMG),
eye movement (EOG), breath efforts and flow, oxygen saturation sensors (oximetry), video recording,
and additional channels according to study requirements (Sadeh, 2015). It provides the most detailed
information on sleep architecture (i.e., the cyclical pattern of sleep, which shifts between the different
sleep stage, including non-rapid eye movement (NREM) and rapid eye movement (REM) sleep (Fuller,
Gooley, & Saper, 2006)) and clinical diagnoses and allows for objective assessment of daytime
sleepiness (e.g., multiple sleep latency test, maintenance of wakefulness test). However,
polysomnography is an expensive procedure and is often done only for one or two nights, which limits
the representativeness of the data collected. It also requires infants and children to sleep in an unnatural
environment (laboratory) and attached to electrodes and sensors, which may affect normal sleep pattern
(Sadeh, 2015).
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Actigraphy/accelerometry can be used to determine sleep-wake periods from differences in movement
and non-movement for extended periods of time in a child’s free-living environment (Meltzer,
Montgomery-Downs, Insana, & Walsh, 2012). Wrist-worn accelerometry based devices have been used
in paediatric sleep research (Meltzer et al., 2014), including in toddler population (Staples, Bates,
Petersen, McQuillan, & Hoyniak, 2019). However, waist-worn devices can provide similar estimates
as those worn on the wrist (Tudor-Locke et al., 2015). Kinder et al. (2012) has validated waist-worn
accelerometers in measuring sleep time in children with a wrist-worn device (Mini-Motion Logger
accelerometer) that has been previously validated against polysomnography in children in multiple
studies (Kinder et al., 2012). It has been suggested that the wrist- and waist- devices record children’s
sleep parameters correlated well and the mean value did not differ, with a 92.5% minute-by-minute
agreement of sleep-wake states between the two measurement sites (Paavonen, Fjällberg, Steenari, &
Aronen, 2002). Although there is no known study validating waist-worn accelerometers measuring
some sleep parameters (e.g., sleep efficiency) in toddlers, waist-worn Actigraph accelerometers has
been validated to distinguish movement and non-movement in children of this age (Trost, Fees, Haar,
Murray, & Crowe, 2012).

Sleep questionnaires and diaries are easy, cost-effective, and can measure a wide range of sleep
parameters in various contexts. However, information may be affected by response biases, compliance
and subject burden. Especially, parental reports are limited to the extent of their awareness of children’s
sleep behaviours (Sadeh, 2015).

2.3.1.2 Prevalence and Guideline
A meta-analysis of 34 studies suggested that the average sleep duration of children under two years was
12.8 (9.7-15.9) hours/day, while children aged 2-3 years and those aged 4-5 years slept 12.0 (9.7-14.2)
hours/day and 11.5 (9.9-13.8) hours/day, respectively (Galland, Taylor, Elder, & Herbison, 2012).

Global, Australian and Canadian sleep guidelines recommend a sleep duration of 14-17 hours for
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children aged 0-3 months, 12-16 hours for children aged 4-11 months, 11-14 hours for toddlers (1-2
years) and 10-13 hours for pre-schoolers (3-5 years) (Okely et al., 2017; Tremblay et al., 2017b; WHO,
2019). Recent Australian studies suggest that 59% of the infants (Hesketh et al., 2017), 80% of the
toddlers (Santos et al., 2017), and 89% of the pre-schoolers met the sleep guidelines (Cliff et al., 2017).
However, evidence suggests that there has been a secular decline in sleep duration among children (0.76
min/year over the last century) (Matricciani et al., 2017; Matricciani, Olds, & Petkov, 2012), which
should be noted given the detrimental health and developmental outcomes associated with shortened
sleep duration.

2.3.1.3 Associations between sleep and adiposity
Although sleep has received less attention than dietary intake and PA regarding the research on the
health related behaviours associated with excess of adiposity (Chen, Beydoun, & Wang, 2008); it is
known that unhealthy sleep patterns may contribute to overweight and obesity in childhood (Patel and
Hu, 2008). The detrimental associations between inadequate sleep and adiposity may be explained by
a number of biological and behavioural mechanisms. Lack of sleep may increase the likelihood of
obesity by increasing caloric intake (Miller, et al., 2015; Patel and Hu, 2008). Laboratory studies have
showed that shortened sleep could result in a decrease of the satiety hormone, leptin, and elevated
appetite-stimulating hormone, ghrelin (Boeke, Storfer-Isser, Redline, & Taveras, 2014; Guilleminault
et al., 2003; Schmid, Hallschmid, JAUCH-CHARA, Born, & Schultes, 2008; Spiegel et al., 2004;
Spiegel, Tasali, Penev, & Van Cauter, 2004; Taheri, Lin, Austin, Young, & Mignot, 2004), and these
changes eventually could promote unhealthy eating behaviours (Hart et al., 2013; Spiegel, Tasali,
Leproult, & Van Cauter, 2009). Indeed, shorter sleep durations in children and adolescents has been
associated with higher energy intake. For example, in a sample of 676 Danish 8-11 year-old children,
Kjeldsen et al. (2014) found that nighttime sleep duration was negatively associated with energy density
of the diet, added sugar and sugar-sweetened beverages (Kjeldsen et al., 2014). Another potential
mechanism linking shortened sleep duration with obesity is by reducing energy expenditure. It has been
suggested that lower resting and postprandial energy expenditure are associated with sleep deprivation
in human (Benedict et al., 2011). Although this reduction was not found in similar studies of partial
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sleep deprivation (Buxton et al., 2010; Nedeltcheva et al., 2009; St-Onge et al., 2011), it seems that
chronic partial sleep deprivation could cause feelings of fatigue (St-Onge, et al., 2011), which may lead
to a decrease in PA and increase in SB (Patel and Hu, 2008). There is evidence suggesting that nighttime
sleep duration is positively associated with MVPA in toddlers (Hager et al., 2016). It has also been
suggested that longer screen time is associated with shorter sleep duration in pre-schoolers, possibly
trough delaying bedtime (Xu, Wen, Hardy, & Rissel, 2016). These findings suggested that movement
behaviours are likely to be associated with each other, indicating the co-dependency between the
movement behaviours.

In early childhood, short sleep duration is a risk factor for overweight and obesity. Current evidence
has consistently reported a negative association between total sleep duration and adiposity in young
children (Chaput, et al., 2017a; Hager, et al., 2016; Sekine et al., 2002; Von Kries, Toschke, Wurmser,
Sauerwald, & Koletzko, 2002). A recent systematic review in children under five years of age suggested
that shorter total sleep duration was associated with concurrent and later excess of adiposity in 20 (out
of 31) studies (Chaput, et al., 2017a). However, it should be noted that most of these studies focused on
pre-schoolers (3-5 years), whereas evidence in infancy and toddlerhood (prior to 3 years) was scarce
and less consistent (Chaput, et al., 2017a). In that review, only six studies had examined the associations
between sleep duration and adiposity in children under three, with predominantly null findings (in four
studies) (Chaput, et al., 2017a).

Daytime nap is an important part of total sleep in the early years, during which period nap(s) duration
gradually decline (Sadeh, Mindell, Luedtke, & Wiegand, 2009) although at least a half of children still
nap once per day by the age of 3 (Bathory and Tomopoulos, 2017). The few studies examining the
relationships between nap durations and adiposity in early childhood have found mixed results (Thorpe
et al., 2015). In a cross-sectional study, Jiang et al. found that daytime nap duration was not associated
with adiposity in 1311 Chinese pre-schoolers (Jiang et al., 2009). This is consistent with findings from
the very few existing prospective studies. In a study with 2223 Canadian children, Touchette et al. found
that nap(s) duration in 2.5-year children was not associated with their adiposity at the age of six
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(Touchette et al., 2008). In a 5-year US cohort study with 882 children under five years, Bell et al. found
that baseline nap(s) duration in those children was not associated with their adiposity at follow-up (Bell
and Zimmerman, 2010). However, in a birth cohort study of 150 US children, Agras et al. found that
those who had 30 minutes shorter daily nap(s) during the age 3 to 5 years were more likely to become
overweight at the 9 years (Agras, Hammer, McNicholas, & Kraemer, 2004). In addition, there is no
prospective study examining the associations between nap duration and subsequent adiposity within
early childhood. Current evidence is still not enough to draw a definitive conclusion regarding the
association between nap(s) duration and adiposity in young children.

Other sleep characteristics beyond sleep duration may also influence adiposity in young children,
although the associations remain relatively unexplored (Jarrin, McGrath, & Drake, 2013). For example,
it has been suggested that sleep timing (i.e., bedtime and wakeup time) may increase obesity risk in
adults (Patel et al., 2014). This is plausible as sleep timing may be related to social and environmental
factors that place individuals at greater risk for overweight and obesity by increasing opportunities to
consume more energy, engage in more sedentary screen time, and by reducing opportunities for PA
(Baron, Reid, Kern, & Zee, 2011). Also, abnormal sleep timing may alter circadian rhythms, which
play an important role in circulating levels of nutrients (e.g., glucose, fatty acids and triglycerides) and
various hormones (e.g., insulin, glucocorticoids and cortisol). This alteration may lead to metabolic
changes that may contribute to obesity (Froy, 2009). Despite the limited number of studies in childhood
(Miller, et al., 2015), preliminary evidence suggests that later bedtimes are associated with increased
adiposity in both school-aged (Golley, Maher, Matricciani, & Olds, 2013; Jarrin, et al., 2013) and
preschool-aged children (Scharf and DeBoer, 2015). However, whether such an association exists in
children under the age of three remains unknown.

Sleep variability (i.e., intra-individual, night-to-night variability of sleep duration) is another sleep
characteristic that may be associated with adiposity. Previous evidence suggests that greater sleep
variability is associated with higher BMI and weight gain in adults (Bei, Wiley, Trinder, & Manber,
2016). Sleep variability may be more common and relevant in childhood, due to the rapid growth and
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development, complex familial and peer systems, as well as environmental demands during this period.
However, its association with adiposity in children has not been fully understood. While the results
from a study among 247 American adolescents showed a positive association between sleep variability
and adiposity (Moore et al., 2011), other studies in school-aged children (Spruyt, Molfese, & Gozal,
2011) and in adolescents (He et al., 2015; Spruyt, et al., 2011) suggest a null association. At the same
time, fewer studies have evaluated such an association among children under the age of five (Rangan,
Zheng, Olsen, Rohde, & Heitmann, 2018).

Overall, most studies have examined the relationship between sleep characteristics and adiposity only
in preschool-aged children, while much less is known in toddlerhood (Hager, et al., 2016). Additionally,
measures of sleep characteristics in most of the studies in early childhood have relied on parental report,
with few providing the psychometric properties of those instruments, making their validity questionable
in young children (Carter, Taylor, Williams, & Taylor, 2011). It is also known that parent-reported
sleep duration overestimates actual sleep duration compared with objective measures of sleep duration
(e.g., actigraphy) (Girschik, Fritschi, Heyworth, & Waters, 2012). Therefore, assessing sleep
characteristics with objective measures would be advantageous for clarifying the nature of sleepadiposity associations in early childhood (Miller, et al., 2015).

2.3.1.4 Associations with other health indicators
In the early years, adequate sleep duration is essential for health, growth and development (Miller, et
al., 2015; Sivertsen et al., 2015; Winkler et al., 2017). Recent evidence suggests that short total sleep
duration in children under five years is associated not only with a higher level of adiposity but also with
poorer emotional regulation, impaired growth and higher risk of injuries (Chaput, et al., 2017a). Other
sleep characteristics could influence health and development in young children. For example, greater
nocturnal sleep variability has been associated with poorer preschool adjustment (Bates, Viken,
Alexander, Beyers, & Stockton, 2002), behaviour problems (Bates, et al., 2002) and less efficient neural
processing (Hoyniak, Petersen, McQuillan, Staples, & Bates, 2015) in young children. Nocturnal sleep
problems, especially the difficulties in initiating and maintaining sleep, are commonly found in young
43

children (Allen, Howlett, Coulombe, & Corkum, 2016) and are likely to impact children’s socioemotional functioning (Hysing, Sivertsen, Garthus-Niegel, & Eberhard-Gran, 2016).

2.3.1.5 Potential correlates of sleep duration
Previous reviews have reported specific factors that may influence sleep in early childhood (Bathory
and Tomopoulos, 2017; Sadeh, Tikotzky, & Scher, 2010). The Bathory et al. (2017) review suggested
that media exposure, parenting factors, geographic locations and cultural differences could affect
several sleep characteristics, including sleep duration, in young children (Bathory and Tomopoulos,
2017). However, this was a narrative review and failed to systematically identify correlates of sleep
duration. Sadeh et al. (2010) conducted another narrative review focusing only in infants and reported
that parental personality, psychopathology and related cognitions and emotions contribute to parental
sleep-related behaviours and ultimately influence infants’ sleep pattern, schedule, duration and quality
of sleep (Sadeh, et al., 2010). None of these reviews have separately examined the correlates of different
types of sleep durations (i.e. nap(s), nighttime sleep and total sleep), which is an important gap given
that the correlates of different types of sleep duration may differ. Furthermore, it appears that most
correlates of sleep duration summarised in previous reviews are social and cultural factors, in spite of
the multi-dimensional nature of correlates of sleep duration (Bathory and Tomopoulos, 2017).
Therefore, a more comprehensive review of the correlates of sleep duration in early childhood is
warranted to inform the development of future interventions. It should also be noted that most previous
studies examining the correlates of sleep duration in young children focused on pre-schoolers or infants,
whereas little is known on the correlates associated with toddlers’ sleep duration and even less of those
studies have examined sleep duration using objective measures.

2.3.2 Sedentary behaviour
2.3.2.1 Definition and assessment of sedentary behaviour
SB refers to waking behaviours that result in an energy expenditure <= 1.5 METs when in a lying,
sitting or in a reclining posture, and is distinct from inactive (i.e., a lack of MVPA) (Tremblay et al.,
2017a). SB can be measured objectively (e.g. accelerometry) or subjectively (e.g. self- or proxy- report)
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(Chaput, et al., 2017c). Within subjective measures, self-report is not appropriate for use in children
under 10 years of age, as they are unable to accurate recall such behaviours. In such circumstances,
proxy-reports (e.g., by parents or educators) may be used to gather information on children’s sedentary
behaviour (Atkin et al., 2012; Brown, Broom, Nicholson, & Bittman, 2010). However, these measures
of SB typically demonstrate moderate reliability and low to moderate validity, and few studies using
subjective measures have examined the psychometric properties of children’s proxy-reported sedentary
behaviour (Atkin, et al., 2012; Marshall and Ramirez, 2011). Nevertheless, information regarding the
context of children’s SB (e.g., the types of SB, the place where SB conducted) could be acquired from
proxy-report. For example, screen-based sedentary behaviours are usually assessed by proxy-report.
(Atkin, et al., 2012)

Objective measures, such as accelerometry, are more accurate than subjective measures in assessing SB
(Atkin, et al., 2012). For example, accelerometers measure the frequency and amplitude of acceleration
of the body segment to which they are attached and often integrate this information in the form of
movement “counts” (Atkin, et al., 2012; Chen and David, 2005). Accelerometers can be used to estimate
the total volume of sedentary behaviour through the accumulation of low movement counts at specified
cut points. They can also be used to detect short incidental breaks in sedentary time, defined by periods
where movement counts exceed the specified threshold, which may not be accurately recorded by
subjective measures (Atkin, et al., 2012). In addition, recent devices, such as the activPAL, are
developed to be more sensitive for the assessment of body posture and postural changes, which has
demonstrate good reliability and variability (Davies et al., 2012) and is especially important in
evidence-based research in young children (Janssen and Cliff, 2015).

2.3.2.2 Prevalence and Guidelines
Studies objectively assessing SB have found that young children (aged 0-5 years) spend 50%-80% of
daily time engaging in SB (Bower et al., 2008a; Fisher et al., 2005; Hinkley, Salmon, Okely, & Trost,
2010b; Metallinos-Katsaras, Freedson, Fulton, & Sherry, 2007; Pate, Pfeiffer, Trost, Ziegler, & Dowda,
2004; Vale, Santos, Silva, Soares-Miranda, & Mota, 2011). A recent meta-analysis on the prevalence
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of objectively measured SB in early years found that children spend 51.4% of their waking time in
sedentary activities (Pereira, Cliff, Sousa-Sá, Zhang, & Santos, 2018). Specifically, boys spent 1.4%
less time in SB than girls, and children were more sedentary indoors than outdoors (Pereira, et al.,
2018).

The recently published global, Australian and Canadian 24-hr Movement Guidelines in recommend for
SB that young children should not be restrained for more than one hour at a time (Okely, et al., 2017;
Tremblay, et al., 2017b; WHO, 2019). The guidelines also suggest there should be no screen time for
infants and toddlers younger than two years; for children aged 2-5 years, screen time should be no more
than one hour per day (Okely, et al., 2017; Tremblay, et al., 2017b). Evidence from Australian studies
suggests that only 28% infants, 11% toddlers, and 17% pre-schoolers had met the SB guidelines, which
is much lower than the percentage of guidelines compliance for the other movement behaviours (Cliff,
et al., 2017; Hesketh, et al., 2017; Santos, et al., 2017).

2.3.2.3 Associations between SB and adiposity
Recent evidence on the associations between accelerometer-derived SB and adiposity in children and
adolescence were primarily null (Carson et al., 2016a). Furthermore, different types of SB (e.g., screen
time vs. reading time) may have different health effects. While it has been suggested that higher duration
or frequencies of screen time is associated with unfavourable adiposity in this age group (5-17 years),
findings for doing homework and readings were inconsistent (Carson, et al., 2016a).

A recent systematic review of 60 studies suggests that the associations between objectively measured
total sedentary time and adiposity in the early years were predominately null (10 out of 11 studies)
(Poitras, et al., 2017). However, it may be premature to draw a conclusion that total sedentary time has
negligible impact on young children’s adiposity, as all of those studies were cross-sectional in design
(Bonvin et al., 2012; Byun, Dowda, & Pate, 2011; Byun, Liu, & Pate, 2013; Collings et al., 2013;
Dolinsky, Brouwer, Østbye, Evenson, & Siega-Riz, 2011; España-Romero, Mitchell, Dowda, O’Neill,
& Pate, 2013; Jago, Baranowski, Baranowski, Thompson, & Greaves, 2005; Johansson et al., 2015;
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LaRowe et al., 2010; Wijtzes et al., 2013; Williams et al., 2008), in which case there may be insufficient
time for the effects of SB to manifest.

The relationships between screen-based SB (e.g., computers, internet, television, video games) and
adiposity were mostly null or unfavourable in young children, whereas results from longitudinal studies
and cross-sectional studies seem to be different (Poitras, et al., 2017). For example, in that review, 9
(out of 10 studies) longitudinal studies found television time was associated with at least one
unfavourable adiposity indicator in young children, whereas only half (11/23 studies) of the crosssectional studies report unfavourable associations (Poitras, et al., 2017). More prospective studies are
therefore needed to better understand the associations between SB, especially objectively measured
total sedentary time, and adiposity in young children. Moreover, the majority of these studies also
focused on pre-school aged children, whereas evidence in toddlers is scarce. Especially, there is a
limited number of studies examining the associations between objective-measured SB and adiposity in
toddlers, with only two studies found in the review by Poitras et. al. (Johansson, et al., 2015; Wijtzes,
et al., 2013). In this light, more studies with prospective designs are needed to examine the associations
in the early years, particularly in children under the age of three. It should be noted that many studies
investigating the relationship between SB and obesity in children have operationalized sedentary time
as engaging with an electronic device. However, screen time can only be tentatively considered SB
(Barnes et al., 2012), as some children may be standing or even exercising when using screens; yet this
information was seldomly collected in relevant studies (Pedišić, 2014b).

2.3.2.4 Associations between SB and other health indicators
In the early years, there is a limited number of studies examining the associations between objectively
measured SB and health indicators other than adiposity (Poitras, et al., 2017). Evidence suggests that
the associations of SB with motor development were predominately null (2/3 studies) (Poitras, et al.,
2017); associations between screen time and indicators of motor or cognitive development, and
psychosocial health were primarily unfavourable or null; associations between reading/storytelling and
indicators of cognitive development were favourable or null (Poitras, et al., 2017). These findings
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support the importance of limiting screen time in early childhood, but also highlight the potential
cognitive benefits of interactive non-screen based sedentary behaviours (e.g., reading/storytelling)
(Poitras, et al., 2017).

2.3.2.5 Potential correlates of SB
The correlates of SB in young children are multi-dimensional. In a review on correlates of SB in 3-5
year old children, 63 potential correlates covering demographic and biological, behavioural, social and
cultural, and physical environmental domains were identified from 29 studies (Hinkley, Salmon, Okely,
& Trost, 2010a). Only nine studies identified in that review examined the correlates of objectively
measured SB (Hinkley, et al., 2010a), probably because this review was conducted nine years ago when
accelerometry was not commonly used in assessing young children’s SB. Moreover, most of these
correlates identified were investigated too infrequently to draw robust conclusions regarding their
associations with SB (Hinkley, et al., 2010a), making it important to replicate the findings in future
studies. In another review on the correlates of screen time use in children under the age of three, the
potential correlates examined covered demographic, sociocultural, environmental, and behavioural
domains (Duch, et al., 2013). The correlates identified include children’s age (older) and race/ethnicity
(minority), child BMI, maternal distress/depression, television viewing time of the mother and cognitive
stimulation in home environment, which were associated with more screen media use (Duch, et al.,
2013). As it has been suggested that the potential environmental, sociocultural and behavioural
correlates of screen time are under-examined in children under the age of three, future research in this
area is therefore warranted.

2.3.3 Physical activity
2.3.3.1 Definition and assessment
PA refers to any bodily movement produced by skeletal muscles that requires energy expenditure above
the resting level (Caspersen, Powell, & Christenson, 1985). According to the level of intensity, PA can
be further categorised as light activity (LPA) or moderate-to-vigorous physical activity (MVPA) (Trost,
et al., 2012). The lower threshold for moderate intensity is usually defined as 4 METs (4 times greater
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than resting metabolic rate) and the lower threshold of vigorous intensity activity is usually defined as
7 METs (7 times greater than resting metabolic rate) in children (Janssen and LeBlanc, 2010).

The above mentioned definition of PA recognises PA as dynamic body movement, takes all types and
domains of activities into account and provides a platform for how to measure PA (Hankey and Whelan,
2018). Population assessment of PA could be subjective, using questionnaires, logs and records to
determine the frequency, duration, intensity, and type of PA (Ainsworth, Cahalin, Buman, & Ross,
2015). However, it is difficult to capture the largely unstructured and intermittent PA in young children
using these subjective measurements (Cliff, Reilly, & Okely, 2009). Objective measurement of PA
includes activity-related energy expenditure (AEE) measurement (e.g., doubly labelled water (DLW)),
behavioural observation, monitor sensors (e.g. pedometers, accelerometer), physiological markers (e.g.,
heart rate, body temperature, ventilation) (Hankey and Whelan, 2018; Pedišić and Bauman, 2015).

DLW technique is considered the gold standard for measuring energy expenditure under free-living
conditions (Plasqui and Westerterp, 2007). By combining a measurement of total energy expenditure
(TEE) by means of DLW with basal metabolic rate (BMR) by a ventilated hood, AEE can be calculated
as: AEE = (0.9*TEE) -BMR (assuming diet-induced thermogenesis to be 10% of TEE) (Plasqui and
Westerterp, 2007). However, since the DLW method is expensive, it is most often used in small study
populations (Plasqui and Westerterp, 2007). Also, although this technique provides an accurate measure
of TEE, there is no information on PA patterns in terms of frequency, duration and intensity (Plasqui
and Westerterp, 2007).

Accelerometers are instruments designed to measure time-varying differences in force or acceleration.
It can measure PA by assessing the magnitude and total volume of movement as a function of time.
Accelerometry is currently the most commonly used objective method for measuring PA in young
children (Cliff, et al., 2009; Sirard, Trost, Pfeiffer, Dowda, & Pate, 2005; Trost, et al., 2012), as it can
avoid the biases of self-report or proxy report of activity. It also allows researchers to measure physical
activity intensities and patterns during all waking hours, for several days, for a large number of subjects
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(Pate, O'Neill, & Mitchell, 2010).

2.3.3.2 Prevalence and guidelines
Previous evidence based on objective measures of PA estimates that the proportion of waking time that
children (aged 2-5 years) spent on LPA and MVPA ranged from 4% to 33% and 2% to 41%,
respectively (Hnatiuk, Salmon, Hinkley, Okely, & Trost, 2014). The large variability in prevalence may
be result from different methodologies (e.g., the use of different intensity thresholds) and sample
differences (Hnatiuk, et al., 2014).

Most public health authorities have suggested that children aged 5-17 years should accumulate at least
60 min of MVPA on at least 5 days per week (Hankey and Whelan, 2018). Global, Australia and
Canadian PA guidelines for the early years recommend that pre-schoolers participate in at least 180
min, including at least 60 min of MVPA, per day; toddlers participate in at least 180 min, including
some MVPA, per day; and infants are suggested to be physically active several times a day, and for
those not yet mobile, this includes at least 30 min of tummy time (Okely, et al., 2017; Tremblay, et al.,
2017b; WHO, 2019). As such, few studies have examined the proportion of children that met these PA
guidelines. It has been found that in Australia, 30% infants (Hesketh, et al., 2017), 97% toddlers (Santos,
et al., 2017) and 93% pre-schoolers (Cliff, et al., 2017) met the PA guideline. However, it may be
premature to draw a definitive conclusion that young children have a high compliance in meeting the
PA guideline, due to the non-representative samples in these studies. Moreover, PA time were
calculated as average value over a week in these studies, which may lead to an overestimation of the
proportion when compared to data on an everyday basis (Price et al., 2018).

2.3.3.3 Associations between PA and adiposity
PA may prevent unhealthy weight gain by increasing daily energy expenditure (Fogelholm, 2010; Hills,
Andersen, & Byrne, 2011; Reilly, 2008; WHO, 2000). Lack of physical activity is hypothesised to be
an important contributing factor in the development and/or maintenance of childhood obesity (Trost,
Kerr, Ward, & Pate, 2001). There is evidence of inverse cross-sectional associations between PA and
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adiposity in school-aged children and adolescents; although the results were mixed in prospective
studies, most interventions suggest that increased PA led to decreased adiposity compared with a control
condition in this age group (Poitras et al., 2016). However, in early childhood, the evidence for the
association between PA and adiposity is less consistent (Carson, et al., 2017; Reilly, 2008; Timmons et
al., 2012). In a systematic review examining the relationship between PA and health indicators in
children aged 0 to 4 years, the inverse association between PA and adiposity was only found in 12 (out
of 40) cross-sectional studies and 3 (out of 7) prospective studies; meta-analyses of four experimental
studies, including three RCTs and one non-randomized interventions, involving 1,100 children, suggest
a null effect of PA on weight status (Carson, et al., 2017).

One possible explanation for the inconsistency in the existing evidence may be that the potential
beneficial effect of more PA manifests in a relatively prolonged period, and therefore it is difficult to
observe the associations cross-sectionally in young children. Also, the association between PA and
adiposity may depend on the intensity of PA. In a recent review in school-aged children and adolescents,
MVPA (26/30 studies) and vigorous physical activity (14/15 studies) were favourably associated with
at least one adiposity measures in most studies (Poitras, et al., 2016). However, evidence is less clear
in young children. In the above-mentioned systematic review of Carson et al. (2017), MVPA was
favourably associated with adiposity in six cross-sectional studies, unfavourably associated with
adiposity in three studies, and not associated with adiposity in eight studies; only one study with 111
US pre-schoolers examined the prospective association between MVPA and adiposity (Butte et al.,
2016), and found that MVPA was favourably associated with fat-free mass but not BMI, fat mass or fat
mass percentage over one year (Carson, et al., 2017).

The methodological differences may affect the findings regarding the associations between PA and
adiposity in young children. For example, in the above-mentioned study conducted by Butte et al.
(2016), different indicators for adiposity showed mixed results in association with MVPA. Moreover,
a number of studies included in that review used subjective measures of physical activity that had
unknown psychometric properties, which may also affect the findings in the associations between PA
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and adiposity (Carson, et al., 2017). Higher-quality evidence from studies with prospective designs and
more studies using objective measures of PA are therefore needed to further examine the relationship
between PA and adiposity in young children. Such evidence is especially warranted in children under
the age of three, as most of the previous studies are in preschool-aged children (Carson, et al., 2017).

2.3.3.4 Associations between PA and other health indicators
In early childhood, PA interventions have been associated with improved motor and cognitive
development, and psychosocial and cardiometabolic health (Carson, et al., 2017). Evidence from
observational studies shows that PA has been consistently associated with favourable motor
development, fitness, and bone and skeletal health (Carson, et al., 2017). Regarding intensity, MVPA
has been favourably associated with several health indicators, including motor development, fitness,
bone and skeletal health (Carson, et al., 2017).

2.3.3.5 Potential correlates of PA
The correlates of PA behaviour are multidimensional and operate across the socialecological model
(SEM), including: (i) demographic and biological correlates, (ii) psychological, cognitive, and
emotional correlates, (iii) behavioural correlates, (iv) social and cultural correlates, and (v) physical
environmental correlates (Sallis, Prochaska, & Taylor, 2000). A recent systematic review examining
correlates of PA in the early years identified sex (boy), parental PA, parental support and time spent
outdoors as positively associated with young children’s PA in cross-sectional studies; while sex (boy)
and time spent playing with parents were further positively associated with PA in longitudinal studies
(Bingham et al., 2016). This review also suggests that being a boy was cross-sectionally associated with
more MVPA, but no prospective association was found between any potential correlates and MVPA
(Bingham, et al., 2016). However, the associations were different for sex, ethnicity, parental education,
parental PA, physical health, and parental support between objectively and subjectively measured PA,
possibly because that subjective measures of PA are less accurate, compared to objective measures.
Also, many potential correlates were also investigated in only one study, making it important to
replicate the findings in further high-quality, prospective research using an objective measure of PA.
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2.3.4 Integrated movement behaviours
2.3.4.1 Associations between integrated behaviours and adiposity
While current studies have predominately focused on the independent relationships between the time
spent in PA, SB or sleep and adiposity in children, emerging evidence suggested that the optimal heath
outcome may need to be achieved through certain combinations of these movement behaviours. For
example, a recent systematic review identified 10 cross-sectional studies examining the combined effect
of movement behaviours on health in children aged 5 to 17 years, representing 30,746 participants; it
found that children and adolescents with high PA, low SB and adequate sleep time had lower adiposity
than those with low PA, high SB and insufficient sleep time (Saunders et al., 2016).

Evidence for the combined effects of PA and SB on adiposity in young children is inconsistent (Kuzik,
et al., 2017). For example, in an cross-sectional study, Nelson et al found that children aged 2 to 4 years
with more than twice as much screen time/PA ratio were 1.61 times more likely to become overweight
or obese, compared with those with twice as much or less of this ratio (Nelson, Carpenter, & Chiasson,
2006). In another cross-sectional study, Anderson et al found that the pattern of low active play and
high screen time in children aged 4 to 5 years was not associated with the prevalence of obesity
(Anderson, Economos, & Must, 2008). Although fewer studies have examined the combined effects of
SB and sleep, it seems that this combination of movement behaviours has been associated with adiposity
(Kuzik, et al., 2017). For example, Taveras et al found that low levels of sleep and high levels of TV
viewing in children at 6 months were associated with higher BMI-z score, sum of skinfold thickness
and overweight status at the age of three (Taveras, Rifas-Shiman, Oken, Gunderson, & Gillman, 2008).

Despite the inconsistency among studies, research examining the combined influence of all movement
behaviours (i.e., sleep, SB and PA) on adiposity in early childhood is still scarce, with only 10 studies
identified in a recent systematic review; to date, no study has examined the relationships between the
combinations of all three movement behaviours and adiposity in children under five years (Kuzik, et
al., 2017). Also, most of these studies assessed PA, SB, and sleep using subjective assessments (Kuzik,
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et al., 2017). Therefore, prospective studies using accelerometer-derived 24-hour data are especially
warranted.

2.3.4.2 Co-dependency between movement behaviours
At an early stage of life, the course of a day for a child could be spent in PA (including LPA and
MVPA), SB, or sleep (including nighttime sleep and daytime napping). Given the finite nature of a 24h period, daily time allocated to these movement behaviours are intrinsically co-dependent and perfectly
collinear. Therefore, an increase in daily time spent in one behaviour necessarily leads to a decrease in
the time spent in at least one of the remaining behaviours (Pedišić, 2014b).

Movement behaviours are not independent of each other (Chaput, et al., 2017c). It has been suggested
that the lowest level of MVPA and highest level of SB were usually co-occurring in the activity pattern
of pre-schoolers (Van Cauwenberghe, Jones, Hinkley, Crawford, & Okely, 2012). In a 3-year
longitudinal study, Jago et al found pre-schoolers who spent less time in SB would engage more time
in PA at follow-up (Jago, Baranowski, Thompson, Baranowski, & Greaves, 2005). Also, there is
evidence suggesting a negative association between sedentary-based screen time and sleep duration in
young children. In a 2-year longitudinal study, Marinelli et al. reported that longer sedentary time
engaged in TV viewing was associated with shorter sleep duration in 4-year old children (Marinelli et
al., 2014). Sleep duration has also been associated with PA in young children. For example, Hager et
al. reported that nighttime sleep was positively associated with MVPA in toddlers (Hager, et al., 2016).
Conversely, in a 2-year cohort study, Hinkley et al. reported a positive association between total sleep
duration and increased percentage of time in PA in preschool aged boys (Hinkley, Salmon, Okely,
Hesketh, & Crawford, 2012).

The associations between movement behaviours suggests that each behaviour is likely to have a
confounding effect on the others relationships with adiposity, as all of these behaviours are somewhat
related with adiposity in young children. However, when examining these relationships, relevant studies
have typically investigated each movement behaviour individually, ignoring the intrinsic and empirical
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interactions between these behaviours (Carson, et al., 2016c; Chastin, et al., 2015). In particular, most
studies had poor adjustment for PA and almost no adjustment for sleep (Pedišić, 2014a).

Methodological challenges may also exist in traditional regression models analysing data that represent
portions of a finite whole (e.g. 24 hours) (Pedišić, 2014b). As the standard multiple regression technique
assumes independence between variables, compositional data may be suggested as unrelated in such
analyses (Carson, et al., 2016c; Chastin, et al., 2015; Pearson, 1896). This limitation tends to produce
spurious and inconsistent findings. For example, in a cross-sectional study, Byun et al. found an inverse
association between objectively measured SB and BMI z-score among children aged 3-5 years using
mixed linear regression analyses; however, this association ceased to be statistically significant after
adjustment for MVPA (Byun, et al., 2013). In this light, traditional statistical analyses may affect the
conclusion of the relationships between one movement behaviour and health outcome as the inference
depends on the presence or absence of the other behaviours in the data (Chastin, et al., 2015); even
when considering the confounding effect of the other behaviours, the use of these statistical methods
may lead to inappropriate inferences (Pedišić, 2014b). These challenges in data analyses are likely to
hinder the process of studying the relationships between movement behaviours and obesity or other
health-related outcomes, preventing the understanding of a combined influence of daily movement
behaviours on adiposity in young children (Carson, et al., 2016c; Pedišić, 2014b). With an increase in
the number of studies with 24hr data monitoring movement behaviours (Carson, et al., 2016c), specific
statistical techniques for compositional data are warranted to better understand the relationships
between movement behaviours and health outcomes (Pedišić, 2014b).

2.3.4.3 Compositional analysis of daily movement behaviour influence on health
Compositional data analysis (CODA) is a well-established statistical method that has been widely
applied to analyse multivariate proportion-type data in various research fields, such as chemistry (e.g.
water-soluble components of corn stover (Chen, Mowery, Scarlata, & Chambliss, 2007)), archaeology
(e.g. the composition of glass artefacts of different historical periods (Liu, Li, Gan, Zhang, & Lankton,
2012)) and nutrition (e.g. fatty acid composition in pork (Ros-Freixedes, Estany, & Center, 2013)). This
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statistical method specifically analyses data representing portions of a finite whole (e.g. 24 hours) and
can be used with either all or only parts of the data sets (Carson, et al., 2016c; Chaput, et al., 2017c;
Chastin, et al., 2015). Unlike traditional statistical analyses that assume the data spreading in an open
space and measures dispersion by standard deviation, CODA uses the geometry for the bounded data
and estimates the dispersion using the variation matrix (Carson, et al., 2016c; Chastin, et al., 2015).
Therefore, in the case of movement behaviours, the analysis result could be interpreted as the
association between one movement behaviour, proportionally linked with (rather than independent of)
the other variables, and health indicators.

Recently, compositional data analyses have been introduced for movement behaviour data (Carson, et
al., 2016c; Chastin, et al., 2015; Pedišić, 2014b). Chastin et al. used a compositional analysis paradigm
to examine the relationships between movement behaviours (sleep, SB, LPA, and MVPA) and health
outcomes in adults using data from the NHANES (Chastin, et al., 2015). In term of adiposity markers,
the authors reported that the daily time allocated to sleep, SB, LPA and MVPA were all significantly
associated with BMI and waist circumference; moreover, when examining the effects of reallocating
10 min of time from one behaviour to another behaviour, the authors surprisingly found an asymmetric
health effect of MVPA: MVPA being replaced by another behaviour had a much stronger health effect
than MVPA replacing another behaviour. These findings were consistent with a study in children and
adolescents aged 6-17 years (Carson, Tremblay, Chaput, & Chastin, 2016b). However, it is important
to notice that there are a limited number of studies examining the integrated movement behaviours in
young children using CODA. Since young children are likely to have very different pattern of
movement behaviour from older children and adults, it would be important to understand the
associations between the integrated movement behaviours and health outcomes (namely adiposity) in
early childhood and to explore the optimal 24hr movement pattern for maximum health and
developmental outcomes in young children.

2.4 ECEC environment and obesity in early childhood
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With an increase in female workforce participation, ECEC centres have become major settings of
childcare. In the majority of Organization for Economic Cooperation and Development (OECD)
countries, over 80% of preschool-aged children regularly attend ECEC centres (Organization for
Economic Cooperation and Development, 2016). Given the large proportion of daily time children spent
in these centres, these environments may greatly influence health, in particular adiposity in these
children.

Although a number of studies have examined the associations between ECEC attendance and adiposity
in young children, inconsistencies exists in the literature regarding associations between the type of
ECEC centres with adiposity in young children. In a more recent systematic review with 24 studies
representing 127,529 children, 13 studies reported increased risk of overweight or obesity in children
attending informal care (relatives, neighbours, friends) (n=9) or centre care (n=4) vs. parental care;
seven studies reported decreased risk of overweight or obesity in children attending centre care vs.
“non-centre” care (parental and informal); the remaining four studies reported no associations between
informal or centre care and overweight or obesity (Black, Matvienko-Sikar, & Kearney, 2017).

The intensity of time spent in ECEC centres seemed to be associated with adiposity. In the study
conducted by Hoffeman et al., the time pre-schoolers spent in centres was positively associated with
their adiposity and those who attended ECEC centres until 2 pm were most unlikely to become
overweight, compared with those children who left centres earlier (e.g., at 12pm) or later (e.g., at 4pm)
(Hoffmann, Tug, & Simon, 2014b). However, in a German study with 2140 children age 4-6 years,
Rapp et al. found that pre-schoolers attending full-time ECEC had a lower odds of being overweight or
obese than those with half-day attendance (Rapp, Schick, Bode, & Weiland, 2005).

The age at childcare commencement may also influence adiposity. It has been suggested that
commencing ECECE centres before age 1 year was associated with increased childhood
overweight/obesity risk, possibly because variations in obesity-related behaviours between the home
and ECEC environments (Benjamin et al., 2009; Black, et al., 2017; Kim and Peterson, 2008; Lehto,
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Mäki, Ray, Laatikainen, & Roos, 2016). This indicates that attention should be paid to infants and
toddlers attending ECEC centres. Also, these younger children’s attendance rates vary across countries.
On average, there were around 33% of children aged 0-2 years enrolled in ECEC centres, with this
ranging from less than 1% in Turkey to as high as 60% in Belgium and Denmark (Organization for
Economic Cooperation and Development, 2016). In Australia, the attendance rate for this age group
was around 40% children and reach to 71% among children aged 2-3 years (Rosenheck, 2008; Statistics,
2017). The relative high attendance rates suggest that ECEC centres may affect adiposity in infants and
toddlers in Australia.

The inconsistency found in the associations across relevant studies may also be explained by variability
in ECEC environmental characteristics (Swyden, Sisson, Lora, Castle, & Copeland, 2017). A small
number of studies have examined the associations between environmental characteristics of ECEC
centres and adiposity in children under the age of six. For example, in a cross-sectional study with 172
Swedish children, Söderström et al. found that those who were exposed to high-quality ECEC
environments tended to have normal BMI and slimmer waist circumferences, compared with those
attending low-quality ECEC centres (Söderström et al., 2013). Differences in ECEC centres’ policies
could also influence children’s adiposity. In a one-year longitudinal study, Ansari et al. found that
additional outdoor time in preschools was associated with a decrease in BMI, especially for those who
were obese at the beginning of the study (Ansari, Pettit, & Gershoff, 2015). Likewise, Ross et al. found
children attending ECEC centres with longer TV viewing time policies had higher BMI, compared with
their counterparts who attending centres with restricted TV viewing policies (Ross, Dowda, Saunders,
& Pate, 2013a). Furthermore, the socio-cultural characteristics of ECEC centres, such as educators’
characteristics, could be associated with adiposity young children. In a cross-sectional study, Hoffmann
et al. found that both educators’ weight status and PA levels were associated with adiposity in children
aged 3 to 6 years, possibly because overweight educators are unable to recognise overweight in young
children (Hoffmann, Tug, & Simon, 2013). However, Zmiri et al. reported that the educator-child ratio
of ECEC centres was not prospectively associated with adiposity in infants (Zmiri, Rubin, Akons, Zion,
& Shaoul, 2011).
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Collectively, the number of studies examining the relationships between environmental characteristics
of ECEC centres and adiposity in young children is limited, and even less studies have focused on
toddlers. Future research examining these relationships should use an ecological approach, which could
capture a more complete picture of the ECEC environmental influence on adiposity in young children.

2.5 ECEC environment and daily movement behaviours
2.5.1 ECEC environments and PA
ECEC environments may have an important influence on young children’s PA levels. A number of
studies reported that attending preschools could account for a substantial proportion of the variance (up
to 50%) in children’s PA levels (Finn, Johannsen, & Specker, 2002; Pate, McIver, Dowda, Brown, &
Addy, 2008; Pate, et al., 2004). Although less is known about the specific environmental characteristics
of ECEC centres that are associated with children’s PA levels (Bower, et al., 2008a; Bower et al., 2008b;
Henderson, Grode, O’Connell, & Schwartz, 2015), some potential ECEC environmental correlates of
PA in young children have been examined, including the features of the outdoor play area (Cardon, Van
Cauwenberghe, Labarque, Haerens, & De Bourdeaudhuij, 2008b; Cosco, Moore, & Islam, 2010;
Dowda et al., 2009; Nicaise, Kahan, & Sallis, 2011; Sugiyama, Okely, Masters, & Moore, 2012),
availability of portable and fixed play equipment (Bower et al., 2008c; Cardon, et al., 2008b; Dowda,
et al., 2009), educators’ characteristics and practice (Henderson, et al., 2015; Hoffmann, Tug, & Simon,
2014a), the TV viewing policy (Ross, Dowda, Saunders, & Pate, 2013b), child-child interactions (Smith
et al., 2016) and child-staff ratios (Sugiyama, et al., 2012). However, mixed results have been found in
these relationships. For instance, Cardon et al. and Dowda et al. reported that the size of the outdoor
area was positively associated with children’s PA (Cardon, Van Cauwenberghe, Labarque, Haerens, &
De Bourdeaudhuij, 2008a; Dowda, et al., 2009), while Sugiyama et al. found the association was null
(Sugiyama, et al., 2012). Also, among studies using Environment and Policy Assessment and
Observation (EPAO) instrument, greater active opportunities can promote higher PA levels and more
time spent in MVPA in a US study with pre-schoolers (Bower, et al., 2008a) and in a Dutch cohort of
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2-3 year olds (Gubbels et al., 2011), whereas this associations was not found in a UK studies with 3-4year-olds (Hesketh and van Sluijs, 2016). The differences may result from the cultural or operational
differences in the ECEC environments across countries, which may not be identified from the
environmental assessment tool. A recent systematic review based on 27 studies only identified two
consistent correlates of children’s PA level in ECEC: provision of active opportunities for PA, and
features of outdoor environments (Tonge, Jones, & Okely, 2016). Therefore, more studies are warranted
to explore the environmental characteristics of ECEC centres that are associated with PA in young
children. Also, most previous studies focused on pre-schoolers, whereas little is known regarding the
influence of ECEC environments on toddlers’ PA.

2.5.2 ECEC and SB
Only a small number of studies have investigated the associations between environmental
characteristics of ECEC centres and SB in young children (Tonge, et al., 2016). However ECEC centres
may encourage sedentariness as some children may spend up to 80% of their time in sedentary activities
while at the centres (Reilly, 2010; Santos et al., 2016). It has been suggested that children attending
higher-quality ECEC centres spent less time in SB, compared to those exposed to lower-quality ECEC
environments (Bower, et al., 2008c; Dowda, Pate, Trost, Almeida, & Sirard, 2004). For example,
Dowda et al. found that the availability of portable play equipment in ECEC centres could help children
reduce SB (Dowda, et al., 2009). However, mixed results have been found for fixed play equipment
(Dowda, et al., 2009; Sugiyama, et al., 2012). The use of electronic media in ECEC centres has also
been examined with SB in young children. While Dowda et al. found a positive association in a sample
of 299 pre-schoolers in the US (Dowda, et al., 2009), Ross et al. reported a null association in another
US sample of 339 pre-schoolers in the US (Ross, et al., 2013a). Few studies have examined the
relationships between educators’ characteristics or their practices and SB in young children, and the
associations were largely null (Bower, et al., 2008c; Dowda, et al., 2009; Sugiyama, et al., 2012).
Evidence from 27 relevant studies suggests that “the presence of outdoor environment” was the only
ECEC environmental correlate identified that was consistently associated with SB in young children
(Tonge, et al., 2016). Overall, the number of studies looking into the relationships between ECEC
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environmental characteristics and adiposity in young children is still limited, and most studies were
conducted with pre-schoolers. Future studies examining such relationships with a focus in toddlers is
needed.

2.5.3 ECEC and sleep
In early childhood, children’s sleep duration, especially nap(s) duration, could be influenced by
environmental cues (Brescianini et al., 2011; Fisher, van Jaarsveld, Llewellyn, & Wardle, 2012;
Touchette et al., 2013). For example, a recent twin study suggested that a large proportion of variance
in daytime sleep duration among toddlers (33% at 18 months, 48% at 30 months, and 79% at 48 months)
could be explained by environmental influences, rather than genetic (Touchette, et al., 2013). Since
children these ages are usually attending and spending a considerable amount of time in ECEC centres,
they are likely to have nap(s) in these environments. In these cases, ECEC centres’ environment could
influence young children’s nap(s) as well as their nighttime sleep, due to the potential associations
between these two sleep behaviours (Thorpe, et al., 2015). It has been shown that pre-schoolers
attending ECEC centres with high-quality outdoor environments had a longer nighttime sleep duration
(Söderström, et al., 2013). However, evidence of young children’s sleep patterns, duration of sleep and
quality of sleep while at ECEC centres is still scarce (Benjamin Neelon et al., 2015). More studies are
therefore needed to further understand the associations between environmental characteristics of ECEC
centres and these sleep characteristics in young children (Thorpe, et al., 2015).

2.5.4 Mediation effects of movement behaviours on the association between ECEC centres
environment and adiposity
Due to the potential associations between environmental characteristics of ECEC centres and movement
behaviours young children, it is plausible to speculate that the association between the ECEC
environment and adiposity could be mediated by these movement behaviours. However, the indirect
effects of ECEC environmental characteristics on young children’s adiposity through these behaviours
has not yet been examined. An understanding of their mediating roles could help improve the efficacy
and effectiveness of environmental interventions in ECEC centres, as most of the interventions
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conducted to date have been designed to prevent and to address early childhood overweight and obesity
through changing movement behaviours as intermediate variables (Zhou, Emerson, Levine, Kihlberg,
& Hull, 2014). Relevant research is warranted to further understanding of the relationships between
environmental characteristics of ECEC centres, movement behaviours and adiposity in young children.

2.6 Research gaps
Given the substantial amount of time that young children spent in ECEC centres, these setting may
influence daily movement behaviours and consequently children’s adiposity levels. Although a number
of studies have examined the relationships between ECEC centres attendance or type and adiposity in
young children, it is not clear which environmental characteristic(s) of ECEC centres are associated
with adiposity in early childhood, especially in toddlerhood. While previous studies have identified few
environmental characteristics of ECEC centres that are associated with PA or SB in pre-schoolers, less
is known regarding the associations between ECEC environments and movement behaviours in
toddlers. More studies are therefore needed, as pre-schoolers and toddlers may have very different
movement patterns while at centres (Ellis et al., 2017; Peden, Jones, Costa, Ellis, & Okely, 2017),
especially considering most toddlers nap in these environment (Bathory and Tomopoulos, 2017).
Additionally, although PA and SB were common intermediate behaviours in most obesity prevention
environmental interventions in ECEC centres (Zhou, et al., 2014), the indirect effects of the
environmental characteristics on adiposity through these movement behaviours are not yet fully
understood yet.

Evidence on the associations between movement behaviours and adiposity is much less in toddlers,
compared with in pre-school aged children. Even less is known regarding the relationship between
sleep, especially characteristics beyond duration (e.g., timing; variability), and adiposity in toddlerhood.
Moreover, previous studies in young children have assessed sleep characteristics predominately using
subjective measures, which are less accurate than objective measures (Sadeh, 2008; Werner, Molinari,
Guyer, & Jenni, 2008).
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While previous systematic reviews have identified some correlates of PA or SB in the early years using
a SEM framework, there are no known systematic reviews which have examined the literature on the
correlates of sleep duration in early childhood using a socio-ecological approach, despite the multidimensional nature of the correlates of sleep duration (Bathory and Tomopoulos, 2017). Moreover, no
reviews have separately examined the correlates of different types of sleep durations (i.e. nap(s),
nighttime sleep and total sleep), given the correlates may not be the same. Previous studies examining
the potential correlates of sleep duration in early childhood have predominately focused on preschoolers, whereas the correlates of sleep duration in toddlers are not fully understood.

These gaps in the available evidence lead to a need for further understanding in the relationships
between ECEC centre environments, movement behaviour and adiposity in toddlers, which will be
addressed throughout this doctoral thesis in the form of six studies (Chapters 4 to 9).
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Figure 2. 1 Behavioural Epidemiology Framework
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A full description of the methods used in the six studies included in this doctoral thesis are reported in
detail in each of the chapters. Table 3.1 shows a summary of the characteristics of the six studies. Of
these, the first and fifth studies (Chapter 2 and Chapter 7, respectively) are systematic reviews. The
second, third, fourth and sixth studies (Chapter 4, Chapter 5, Chapter 6 and Chapter 8, respectively) are
original research studies, analysing data from the “GET-UP! Study” (Santos et al., 2016).

3.1 Study design and sampling
“GET-UP! Study” was a 12-months 2-arm parallel group cluster randomized controlled trial, which
aimed to assess the effects of reducing sitting time, during Early Childhood Education and Care (ECEC)
centres on the cognitive development of toddlers from low socio-economic families (Santos et al.,
2016). The study was approved by the University of Wollongong’s Human Research Ethics Committee
(HE15/236) and registered in the Australian and New Zealand Clinical Trials Registry
(ACTRN12616000471482, 11/04/ 2016, retrospectively registered). Written consents were obtained
from the children’s parents or guardians, prior to the assessments.

Baseline data of the “GET-UP! Study” were collected between February and August 2016, and followup data were collected between March and July 2017. Thirty ECEC centres from Illawarra region in
NSW with children from a low- to medium socioeconomic background were recruited (Pink, 2011);
of these three ECEC centres decided, in the beginning of the study, to withdraw their participation. All
children aged 12- to 26 months at baseline without any diagnosed medical or psychological impairment
were eligible to participate if they attended the ECEC services full-time (i.e. >6 h/day) at least two days
per week. Children will be considered ineligible if they born very preterm (<29 weeks of gestation) or
have a diagnosed medical or psychological condition that would affect the result of this study.
3.2 Measurement
3.2.1 Adiposity
In this thesis, BMI z-score was the adiposity indicator (the second and forth studies). Body weight and
height were measured according to standard procedures (Santos et al., 2016). Body height was measured
to the nearest 0.1 cm in bare or stocking feet with the child standing upright against a portable
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stadiometer (Seca 254 Hamburg, Germany). Body weight was measured to the nearest 0.10 kg, lightly
dressed (and without diapers) using a portable electronic weight scale (Seca 254 Hamburg, Germany)
(Cornier et al., 2011; NHANES., 2013; Santos et al., 2016). Body mass index (BMI) was calculated as
weight(kg)/height(m)2 and then BMI z-scores were then calculated by age and sex. Weight status
(normal weight/overweight or obese) was determined according to the World Health Organization age
and sex specific criteria (Group & de Onis, 2006).

3.2.2 Movement behaviours
In the second, fourth and sixth studies, 24-hour movement behaviours (PA, SB and sleep) were assessed
using waist-worn accelerometers (Actigraph GT3X+), which have established validity and reliability
in toddlers (Trost, Fees, Haar, Murray, & Crowe, 2012). Participants were asked to wear the monitors
24-hrs for 7 consecutive days, except for water-based activities. During this period, parents and
educators were also asked to log nap(s), bedtime, wake-up time and accelerometer non-wear time for
each child. Accelerometer data were collected using a sampling rate of 30 Hz and re-integrated into 15second epochs for analyses (Cliff, Reilly, & Okely, 2009). Accelerometry data were visually inspected
minute by minute, in consultation with the activity logs, in order to identify sleep time.

Given the difficulty for waist-worn accelerometers to distinguish standing still from sitting, in the third
study (Pereira et al., 2019), activPAL was further used to precisely measure the time that children spent
in stepping (PA) and sitting (SB) while at ECEC centres. The activPAL accelerometer is fitted on the
thigh and classifies SB based on the angel of the limb, providing more accurate estimates of SB in
children. It is a valid instrument to assess young children’s sedentary behaviour (sitting), standing and
physical activity (stepping) (Davies, et al., 2012; Janssen et al., 2014; Obeid, Nguyen, Gabel, &
Timmons, 2011). Children were asked to wear the activPAL accelerometers while at ECEC centres
over a week. On and off time were registered in logs by research assistants or educators. After the
monitors were collected, data were downloaded and entered using activPAL software (v7.2.32). Time
before arrival and after departure and nap(s) time of each child were manually removed.
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In the sixth study, sleep problems were assessed using the Tayside Children’s Sleep Questionnaire,
which is a 10-item scale that evaluates the ability of initiating and maintaining sleep in children aged
1-5 years (McGreavey, Donnan, Pagliari, & Sullivan, 2005; Spruyt & Gozal, 2011).

3.3.3 Environmental rating of ECEC centres
In the second and third studies, the quality of the ECEC centre environment was objectively assessed
using the Infant/Toddler Environment Rating Scale-revised edition (ITERS-R) (Harms, Cryer, Clifford,
& Yazejian, 2017). This instrument measures the environmental quality of ECEC centres for children
from birth to 30 months of age, which has been widely used to assess overall or global quality of
childcare environment (Bisceglia, Perlman, Schaack, & Jenkins, 2009; Bjørnestad & Os, 2018; Harms,
et al., 2017). The definition and measures of quality in ITERS-R draws from research evidence from
relevant fields including health, development and education and considers professional views of best
practice and the practical constraints of real life in a ECEC setting.

This 39-item instrument has a well-established validity and reliability (Harms, Cryer, Clifford, &
Yazejian, 2017). The 39 items are distributed into seven subscales: (i) space and furnishings; (ii)
personal care routines; (iii) listening and talking; (iv) activities; (v) interaction; (vi) program structure;
and (vii) parents and staff. Each item consists of several indicators and is rated on a 7-point scale: 1
(inadequate), 3 (minimal/adequate), 5 (good) and 7 (excellent). Scores for each item are aggregated to
produce an average score for each subscale, and overall scores are computed for the full scale (Harms
et al., 2017).

3.2.4 Covariates
Children’s age was calculated considering the date of birth reported by parents; gender was also
reported by parents. Family socio-economic status was assessed using postcode of residence and
allocating from this the corresponding value from the Australian Socio-Economic Indexes for Areas
2011 (SEIFA-Index of Relative Socio-Economic Disadvantage) (Pink, 2011).
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3.3 Statistical Analysis
3.3.1 Multilevel Mediation Analyses (Study 2)
In study 2, a multilevel mediation analysis was conducted to examine the direct effects of independent
variables (environmental rating of ECEC centres) on the outcome (BMI z scores), as well as, the indirect
effects through potential mediators (percentage of awake time spent in light-intensity physical activity,
MVPA, sedentary time, or nap(s) duration) in toddlers. Multilevel mediation analyses extend the classic
mediation model (that assumes independent observations) (Baron & Kenny, 1986; Preacher & Hayes,
2004) to clustered data by using multilevel modelling (Nicholas John Rockwood, 2017; Nicholas J
Rockwood & Hayes, 2017; Tofighi & Thoemmes, 2014; Zhang, Zyphur, & Preacher, 2009).
Specifically, the causal step approach that Baron & Kenny (1986) proposed is a single-level mediation
analysis, which is not appropriate for analysing the clustered data. In addition, we did not adopt this
method as there is a growing consensus that the total effect of X on Y should not be a prerequisite to
search for evidence of indirect effects, and it is possible to conclude TaTb ≠ 0 using a good inferential
test even if either a or b (or both) are not statistically significant (Cerin & MacKinnon, 2009; Hayes,
2013; Hayes & Myers, 2009; Hendricks & Testa, 2012; Zhao, Lynch Jr, & Chen, 2010). A better
alternative inference regarding the indirect effect is suggested to be based on an estimate of the indirect
effect per se and whether an inferential procedure justifies the claim that TaTb is not zero, not on the
outcome of a set of hypothesis tests about Ta, Tb and Tc (Hayes, 2013; MacKinnon, 2012; Rucker,
Preacher, Tormala, & Petty, 2011; Shrout & Bolger, 2002). In the multilevel mediation, Monte Carlo
approach is used for inference about the indirect effect (ab), where no assumption is made about the
shape of the sampling distribution of ab (Hayes, 2013). This simulation-based approach generates an
empirical approximation of the sampling distribution of ab and construct an asymmetric confidence
interval for TaTb (Hayes, 2013).

In the multilevel mediation models, data collected at the lower level (e.g. children level) are called
level-1 data, while data collected at a higher level (e.g. ECEC centre level) are called level-2 data
(Nicholas John Rockwood, 2017; Nicholas J Rockwood & Hayes, 2017; Tofighi & Thoemmes, 2014;
Zhang et al., 2009). In the current study, a 2-1-1 model was employed, in which the first, second, and
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third numbers correspond to measurement levels of the independent (i.e. ECEC environmental rating –
level 2 data), mediator (i.e. movement behaviours – level 1 data) and outcome (i.e. adiposity– level 1
data) variables, respectively (Figure 4.1) (Tofighi & Thoemmes, 2014; Zhang et al., 2009).

Level-1 covariates (i.e. age, gender and socio-economic status) were also included in the adjusted
models. Parameters for the models, including fixed effects of independent variables and mediators as
well as random effects of mediators (only random intercepts between mediators and the outcome were
estimated (Zhang et al., 2009)), were estimated using restricted maximum likelihood estimation
(Nicholas John Rockwood, 2017). Since the ECEC centre-level independent variables did not vary at
the individual level, the within-group effects of independent variables were omitted (Nicholas John
Rockwood, 2017; Tofighi & Thoemmes, 2014). The mediation effects were therefore presented as
between-group indirect effect (Zhang et al., 2009) (i.e. the effect of the group differences in independent
variables on the outcome through mediators) (Nicholas John Rockwood, 2017).

The significance level was set at p<0.05. The MLmed macro for SPSS (Version 24.0, IBM, USA) for
the mediation models was used (Nicholas John Rockwood, 2017; Nicholas J Rockwood & Hayes,
2017). This macro is available from: https://njrockwood.com/mlmed/.

3.3.2 Linear mixed models
3.3.2.1 study 3
In study 3, a preliminary analysis to examine the potential intervention effects on the outcome of interest
(change in the proportion of time children spent in sitting, standing and stepping) was performed using
linear mixed model, adjusted for centre-level clustering effects, time sequence and baseline
demographic variables. No intervention effect was found.

The change in toddlers’ proportion of time spent in physical activity, sedentary time and standing time
from baseline to follow-up was examined using linear mixed models, in which time was modelled as a
repeated effect and centre-level clustering effects were modelled as a random intercept. Beta estimates
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and 95% confidence intervals for time 1 (baseline), with time 2 (follow-up) as the reference in the
models, were used to describe the change in toddlers’ proportion of time spent in physical activity,
sedentary time and standing time from baseline to follow-up. Linear mixed models were also performed
to examine the associations between environmental ratings and the change in the proportion of time
that children spent in sitting, standing and stepping in ECEC centres. All models were accounted for
the clustering effects of centres (modelled as random intercept) and time was modelled as a repeated
effect. Baseline age, gender, socio-economic status and time were subsequently included as covariates
(modelled fixed effects) in the full-adjusted models. Given that the linear mixed model can handle
missing data well (West, Welch, & Galecki, 2014), children with at least one observation of the
variables of interest were included in the analyses. A sensitivity analyses in the subgroup sample who
have two observations were further performed using the linear mixed model. Data were analysed using
SPSS software (Version 24.0, IBM, USA). A P value < 0.05 was set as the significance level.

3.3.2.2 Study 4
In study 4, the differences in sleep duration, sleep variability and sleep timing between baseline and
follow up were examined using linear mixed models, with adjusted for time sequence, clustering effects,
baseline age, gender and socio-economic status. As the GET UP! Study was an RCT, the intervention
effects on BMI z-score were examined using linear regression models, and no intervention effects were
found, Therefore, we decided to perform the analyses with the whole sample to increase statistical
power. We also performed a sensitivity analysis, considering only the control group, and the results
remained the same.

Linear mixed models were performed to examine the cross-sectional associations between the
independent variables (i.e., total sleep duration, 85ighttime sleep duration, nap(s) duration, sleep timing
or sleep variability) and the outcome (i.e., BMI z-score) at baseline, with adjustments for centre-level
clustering effects (modelled as a random intercept). Baseline age, gender and socio-economic status
were subsequently included as covariates in the fully adjusted models. Linear mixed models were also
performed to examine the prospective associations between sleep characteristics at baseline and
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adiposity at follow-up, accounting for centre-level clustering effects (modelled as random intercept).
Baseline age, gender, socio-economic status and BMI z-score were then included as covariates in the
fully adjusted models. Data were analysed using SPSS software (Version 24.0, IBM, USA). P value <
0.05 was set as the significant level.

3.3.3 Logistic Models (Study 6)
In study 6, preliminary analysis precluded from performing linear regression analysis, as the residuals
from linear regression models were not normally distributed. Therefore, the dependent variables were
dichotomized using a median split; logistic regression analyses were performed instead to examine the
relationships between potential correlates (i.e., age, sex, socio-economic status, body mass index,
physical activity, screen time, nap(s), bedtimes, and wake-up times) and nocturnal sleep duration, sleep
variability or sleep problems as dependent variables. The choice of potential correlates was based on
previous evidence and availability of data.

A sensitivity analysis was performed with children with at least three days accelerometer data, and the
results remained the same. Statistical analyses were performed using SPSS 21.0 (IBM, USA).
Significance level was set at p<0.05.
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Table 3. 1 Studies characteristics summary
Chapters
4

5

6

7

8

9

Studies
I - Environmental Characteristics of Early
Childhood Education and Care Centres
and Young Children’s Weight Status: A
Systematic Review
II - Environmental characteristics of early
childhood education and care, daily
movement behaviours and adiposity in
toddlers: a multilevel mediation analysis
from the GET UP! Study
III - The associations between
environmental characteristics of early
childhood education and care centres and
one-year change in toddlers’ physical
activity and sedentary behaviour
IV - The cross-sectional and prospective
associations between sleep characteristics
and adiposity in toddlers: results from the
GET UP! Study

V - Correlates of sleep duration in early
childhood: a systematic review

VI - Correlates of nocturnal sleep
duration, nocturnal sleep variability and
nocturnal sleep problems in toddlers:
results from the GET UP! Study

Sample
size (n)

Age
(months)

Dependent
variable(s)

Mediators

Independent
variable(s)

Covariates

Statistical
analysis

N/A

0-71

Adiposity

N/A

Environmental
characteristics of
ECEC centres

N/A

N/A

Daily PA,
SB, and
nap(s)
duration

Environmental
characteristics of
ECEC centres

Age, gender
Multilevel
and family
mediation
socioeconomic
analysis
status

N/A

Environmental
characteristics of
ECEC centres

Age, gender
and family
socioeconomic
status

Linear
mixed
models

Age, gender
and family
socioeconomic
status

Linear
mixed
models

274 (53%
boys)

19.73±4.15

BMI z-score

292 (52%
boys)

19.64 ±
4.05 (at
baseline)

PA and SB in
ECEC centres

Baseline:
202
(50%boys);
Follow-up:
153 (50%
boys)

19.62 ±
4.28 (at
baseline)

BMI z-score (at
baseline and at
follow-up)

N/A

Sleep duration,
sleep variability
and sleep timing (at
baseline)

0-59

Nap(s) duration,
nighttime sleep
duration, and
total sleep
duration

N/A

Correlates

N/A

N/A

19.7±4.1

Nighttime sleep
duration,
nighttime sleep
variability, and
nighttime sleep
problems

N/A

age, sex, socioeconomic status,
weight status,
physical activity,
screen time, nap(s),
bedtimes, and
wake-up times

Age, gender
and family
socioeconomic
status

Logistic
models

N/A

173
(49%boys)
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Santos, R. (2018). Environmental characteristics of early childhood education and care centres and
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Abstract
The aim of this systematic review was to summarize ECEC environmental correlates of weight status
in children under the age of 6 years. Six databases (PubMed, PsycINFO, CINAHL, SPORTDiscus,
Scopus, and Web of Science) were searched until March 2017. Observational studies examining the
relationship between ECEC environmental characteristics and weight status in children aged 0-6 years
were included. Data was extracted using a predesigned form. Eight studies, representing 4,862 children,
met the inclusion criteria. Twenty-two environmental characteristics were identified and classified into
four domains (physical, political, economic, and sociocultural); of these, six correlates were found.
‘Active environment’ ‘sedentary opportunities’, ‘active play time’, ‘high sugar and high fat served’,
‘educators’ weight’ and ‘educators’ habitual physical activity level’ were associated with weight status
in young children. However, for most environmental characteristics examined, strong evidence is not
available yet, due to variations across studies on the measures of environmental characteristics and
analytical methodologies. Stronger empirical evidence in greater quantity is needed. Future studies in
this area are recommended to investigate the environmental influence using an ecological approach and
to examine the potential mediators, with a focus on the settings of family-based centres and samples
representing toddlers and/or infants.
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4.1 Introduction
During the last 20 years, the global prevalence of overweight and obesity among children under the age
of 5 years has increased from 4.2% to 6.9% (De Onis, Blössner, & Borghi, 2010). In 2014 alone, 41
million children in that age group were overweight or obese, worldwide(WHO, 2016). This is a global
public health challenge; because the first five years of life are considered a critical period for the
development of obesity, due to the occurrence of the adiposity rebound (Whitaker, Pepe, Wright, Seidel,
& Dietz, 1998) and the establishment of dietary and physical activity habits that are likely to track
through the life course (Birch and Fisher, 1998; Kelder, Perry, Klepp, & Lytle, 1994; Kuh and Shlomo,
2004; Trost, Sirard, Dowda, Pfeiffer, & Pate, 2003).

Excessive weight in early childhood can be associated to several disadvantageous health outcomes
(Moss and Yeaton, 2014). For example, accelerated weight gain during early childhood is associated
with elevated inflammatory markers and blood pressure, which in turn are linked to long-term vascular
damage (Law et al., 2002; Skinner, Steiner, Henderson, & Perrin, 2010; Vale, Trost, Rêgo, Abreu, &
Mota, 2015), increased adiposity later in life (Ekelund et al., 2006) and coronary events in adulthood
(Barker, Osmond, Forsén, Kajantie, & Eriksson, 2005). These indicate the importance of identifying
the factors influencing young children’s weight status.

Although the interaction between the environmental and genetic factors could determine individual’s
weight status (Hill and Peters, 1998), researchers have increasingly concurred that not genetic, but
environment factors, drive today’s obesity epidemic, primarily because the prevalence of obesity has
increased rapidly, whereas genes have remained relatively unchanged (Casey et al., 2014; Hill and
Peters, 1998; Hill, Wyatt, Reed, & Peters, 2003; Witten, 2016). An obesogenic environment, i.e. an
environment that provides inexpensive energy-dense foods, discourages physical activity and promotes
sedentariness (Swinburn, Egger, & Raza, 1999), is more likely to influence young children’s weight
status, who cannot make informed health-related choices for themselves(Hill, et al., 2003; Nutbeam,
Aar, & Catford, 1989; Patrick and Nicklas, 2005). In order to help young children, maintain a healthy
weight and reduce the risk of overweight and obesity, it is important to optimise the environments of
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settings frequented by them.

As the number of women in the workforce increases, Early Childhood Education and Care (ECEC)
centres have become major settings of childcare. In 2011, approximately 60% of U.S. children under
five attended some form of ECEC centres (Laughlin, 2013) and 54% of Australian children aged 2-3
years attended care in 2014 (Statistics, 2014). In most European countries, ECEC centre attendance rate
is higher than 80% in children aged 3-6 years (Adamson, 2008) and around 35% in children under the
age of 3 (OECD, 2016) . Given the high proportion of children who attend ECEC centres, these settings
might have the potential capacity to help prevent early childhood overweight and obesity.

ECEC centre attendance has been associated with young children’s weight status (Alberdi et al., 2016;
Benjamin Neelon et al., 2015; Benjamin et al., 2009; McGrady, 2010) as well as weight-related
behaviours, such as dietary intake (Gubbels et al., 2010; Hughes, 2007), physical activity (Bower et al.,
2008; Pate, McIver, Dowda, Brown, & Addy, 2008), and sleep (Jiang et al., 2009). Overweight and
obesity prevention programmes in ECEC settings that had incorporated environmental changes were
more sustainable and effective than those that had not in changing adiposity and weight-related
behaviours (Zhou, Emerson, Levine, Kihlberg, & Hull, 2014). However, inconsistent associations
between ECEC centre attendances and weight status in preschool-aged children reported across studies
may suggest that not attendance, but environmental differences (e.g. food access and quality, outdoor
play time and television exposure) among ECEC centres influence young children’s weigh status
(Swyden, Sisson, Lora, Castle, & Copeland, 2017). In that light, understanding which ECEC
environmental characteristic(s) are associated with young children’s weight status could be vital. Such
a review could guide future early childhood overweight and obesity prevention programmes in
incorporating environmental interventions in ECEC centres. Accordingly, this systematic review aims
to examine the ECEC environmental characteristics associated with young children’s weight status.

Although the term “environment” generally refers to the physical and sociocultural surroundings with
which individuals interact (Sallis, 2015; Stokols, 1992), various ecological models have proposed a
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range of classifications for environmental aspects (Sallis, 2015). In the present systematic review, the
Analysis Grid for Environments Linked to Obesity (ANGELO) framework (Swinburn, et al., 1999),
specifically designed for the conceptualising obesogenic environments, is used to classify the
environmental characteristics. The framework identifies micro and macro environments; whereas
micro-environments directly interact with individuals, including schools, workplaces, families and
neighbourhoods — ECEC settings are micro-environments — macro-environments are the broader
environments, such as governments, education systems and the food industry. Within both categories,
environments can be further classified into four domains: the physical environment, which refers to the
availability; the economic environment, which refers to the cost; the political environment, which refers
to rules; and the sociocultural environment, which refers to the attitudes, beliefs, and values (Swinburn,
et al., 1999). For example, in an ECEC centre, the physical environment could include the availability
of healthy food and play equipment; the economic environment could include the expense of childcare;
the political environment could include the care centre’s policies; and the sociocultural environment
could include educators’ attitudes and behaviours related to lifestyles.

4.2 Methods
4.2.1 Protocol
The present systematic review was conducted following the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guidelines (Moher, Liberati, Tetzlaff, Altman, & Group, 2009).

4.2.2 Data Sources and Search Strategy
Six electronic databases (PubMed, PsycINFO, CINAHL, SPORTDiscus, Scopus, and Web of Science)
were searched from the inception until March 22 2017. Table4.1 presents the search strategy.

4.2.3 Study Selection
Studies were screened and selected according to the following criteria:
Type of study. Observational studies (cross-sectional and longitudinal) and intervention studies
reporting cross-sectional results from baseline data were considered, whereas studies reporting
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intervention results were not considered, nor were reviews, editorials, commentaries, methods papers,
and conference proceedings.
Eligible studies were limited to publications in the following languages: English, Chinese, Portuguese,
French, Spanish, Polish, Dutch, and Germany. Reference lists of the articles included and relevant
reviews were also checked to identify other relevant studies.

Participants. Eligible participants were healthy children aged from birth to 6 years old (for longitudinal
studies, the criterion had to be met at the beginning of the study). Studies focusing on children with
illness other than obesity or overweight were excluded.

Settings. Eligible studies were performed at formal institutions that provide ECEC, including childcare
centres, preschools, day care centres, nursery schools, and family care homes; informal care (i.e.
relatives, friends, and neighbours) and primary/elementary schools were excluded.

Exposure variable(s). Exposure variables were required to be environmental characteristics and could
be measured either objectively (e.g. by direct observations) or subjectively (e.g. by surveys).

Outcome measures. Eligible studies were required to report participants’ weight status as primary
outcomes, i.e. body mass index (BMI), BMI percentile, BMI z-scores, the prevalence of overweight
and/or obesity, overweight likelihood, waist circumference, percentage of body fat, skinfold thickness
or weight-height (length) ratio.

4.2.4 Data Extraction
Studies retrieved from the search were imported into reference manager software (EndNote X7), which
was used to remove duplicates. Three authors (ZZ, JP, and ES) screened the titles and abstracts
independently against the criteria described above, and when necessary, the full text of the study was
evaluated to determine its eligibility. Disagreements were resolved by discussion and consultation with
a fourth author (RS). Figure 4.1 presents a summary of the study selection process.
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4.2.5 Risk of Bias Assessment
The risk of bias was assessed independently by three authors (ZZ, JP, ES), and any differences were
resolved by discussion with the fourth author (RS). The criteria for bias appraisal were adapted from
the STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) statement (Von
Elm et al., 2007), which has been applied in previous systematic reviews (Barnett et al., 2016; Bingham
et al., 2016; Costigan, Barnett, Plotnikoff, & Lubans, 2013; Lubans, Morgan, Cliff, Barnett, & Okely,
2010). These criteria were: (i) Did the study specify the eligibility criteria? (ii) Was the selection of
participants random? (iii) Did these participants represent a certain population (i.e. country or region
level)? (iv) Did the study have sample size more than 100? (v) Did the study have an acceptable
proportion of participants with completed data regarding the variables of interest (at least 70% for crosssectional studies and 60% for longitudinal studies (Cliff et al., 2016))? (vi) Did the study report the
source and details of adiposity assessment? (vii) Were the measurements valid and reliable for the age
group of children from birth to 6 years? (viii) Did the study report the source and detail of environmental
correlates assessment? (ix) Did assessment instruments have acceptable validity or reliability? A value
of 1 (yes) or 0 (no or unsure) was assigned to the answer to each of the above questions, which allowed
a maximum possible score of 9 points, and a quality score was assigned to each study. Studies that
scored 0-4 points were classified as having a high risk of bias.

4.2.6 Data Analysis and Synthesis
Given the large variety of environmental characteristics in the studies reviewed, inconsistency in
measurement methodology and heterogeneity in samples and study outcomes prevented their synthesis
into a meta-analysis. Instead, a narrative summary of the findings was performed.

Categorisation of variables. Environmental factors were categorised into four types: physical,
economic, political, and sociocultural, following the ANGELO framework (Swinburn, et al., 1999).

Coding associations. Associations between environmental characteristics and weight status in studies
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were summarised as positive or negative association (p<0.05) or non-significant association (p≥0.05).

4.3 Results
4.3.1 Overview of Studies
Eight studies (Ansari, Pettit, & Gershoff, 2015; Hoffmann, Tug, & Simon, 2014; Huynh, Dibley,
Sibbritt, Tran, & Le, 2011; McBride et al., 2013; Ross, Dowda, Saunders, & Pate, 2013; Sisson et al.,
2016; Soderstrom et al., 2013; Zmiri, Rubin, Akons, Zion, & Shaoul, 2011), representing 4862 children
aged under 6 years, met the pre-specified inclusion criteria and were included in this review. Table 4.2
presents characteristics of the studies. All studies were published between 2011 and 2016. Four studies
were conducted in United States; whereas the rest were conducted in Germany, Sweden, Israel, or
Vietnam. The sample sizes ranged from 82 to 2810. Five studies were cross-sectional, and three were
longitudinal. Six studies focused on pre-schoolers (i.e.36-60 months olds), only one study (McBride, et
al., 2013) focused on infants (i.e. < 12 months olds), and one study (McBride, et al., 2013) included a
combination of toddlers (i.e. 12-35 months olds) and pre-schoolers. ECEC settings investigated in the
eight studies included kindergartens, day care centres, preschools and Head Start programmes, while
no study focused on family-based ECEC centres. Seven studies assessed adiposity using objective
measures and one study (Zmiri, et al., 2011) used the data of children’s weight and height from records
of a maternal and child healthcare centre. Weight outcomes were presented in the reviewed studies as
BMI, BMI z-score, BMI dichotomised, overweight likelihood, weight, weight-height ratio, waist
circumference, and skinfold thickness. Most of the studies assessed environmental characteristics via
surveys (e.g. parents’ and educators’ reports), although two studies (Sisson, et al., 2016; Soderstrom, et
al., 2013) used direct observations.

4.3.2 Risk of Bias
Table 4.3 presents results regarding risk of bias. Five studies imposed specific eligibility criteria. Two
studies selected participants randomly and three had a representative sample of participants. Seven
studies had samples with more than 100 participants, whereas one (Sisson, et al., 2016) had a sample
of 82 participants. Most studies had an adequate proportion of participants with completed data (at least
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70% for cross-sectional studies and 60% for longitudinal studies). All studies presented detailed reports
of adiposity assessment; seven used valid and reliable measurements to assess adiposity in children
aged 0-6 years. Six studies reported the sources and details of environmental characteristics
assessments; three used valid and reliable instruments to assess environments. Of the eight studies, five
have a low risk of bias.

4.3.3 ECEC Environmental Characteristics
Twenty-two ECEC environmental characteristics were identified and classified as belonging to the
physical, political or sociocultural environment; none of the characteristics was identified as
representing the economic environment. Table 4.4 presents a complete list of the environmental
characteristics.

Physical Environment
Six environmental characteristics were classified as representing the physical environment, with the
potential correlate ‘active environment’ identified. A higher quality of active environment, consisting
of the elements ‘the presence of portable and fixed play equipment’ and ‘the suitability of indoor space
for active play’, was less likely to be associated with overweight in pre-schoolers (Sisson, et al., 2016).
Mixed results emerged regarding ‘the availability of unhealthy food around ECEC settings’ (Huynh, et
al., 2011), which tended to depend on gender and the measure of adiposity. Null results were reported
regarding ‘outdoor environment quality’, ‘the amount of play equipment’, ‘sedentary environment’, and
‘food environment’ (Sisson, et al., 2016; Soderstrom, et al., 2013).

Political Environment
Eleven characteristics were categorised as representing the political environment, with ‘active play
time’, ‘sedentary opportunities’, and ‘servings of high sugar and high fat” identified as potential
correlates. ‘Active play time’, ‘sedentary time’, ‘structured physical activity time’ and ‘outdoor play
time’ referred to the durations of these activities at ECEC centres in which most children engaged, not
the durations of individuals’ activities (Ansari, et al., 2015; Sisson, et al., 2016; Soderstrom, et al.,
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2013). Such characteristics were categorised as representing the political environment because they
tended to depend on the schedules of ECEC programmes. ‘Active play time’, defined as the total time
of free play outdoor and indoor, was negatively associated with overweight likelihoods (Sisson, et al.,
2016), whereas ‘sedentary time’, defined as the duration of seated activities in ECEC centres lasting
more than 30 minutes, and ‘structured physical activity time’, defined as the duration of teacher-led
physical activities, were null. ‘Outdoor play time’, defined as the total time of outdoor activity periods,
was inconsistently related to children’s weight status across the studies (Ansari, et al., 2015; Sisson, et
al., 2016; Soderstrom, et al., 2013). Far more consistent results emerged regarding ‘sedentary
opportunities’, which incorporated the elements of ‘seated activities’, ‘TV viewing’, and ‘video game
playing in ECECs’ (Ross, et al., 2013; Sisson, et al., 2016). More specifically, children who attended
the ECEC centres offering frequent seated activities in the ECEC schedules were more likely to become
overweight. ‘Active opportunities’, combining the elements of ‘active play time’, ‘structured physical
activity’, and ‘outdoor play in ECECs’, was reported to be unrelated to overweight likelihood in preschoolers (Ross, et al., 2013). ‘Servings of fruits and vegetable’, ‘servings of high sugar and high fat’,
and ‘servings of beverage and water’ were measured considering relevant documented policies and
practices in ECEC centres in the reviewed study (Ross, et al., 2013) and therefore categorised as
representing the political environment. No association was detected between ‘the servings of fruits and
vegetables’ or ‘servings of beverage and water’ and overweight likelihood in pre-schoolers, whereas
frequent servings of high sugar and high fat food might increase young children’s likelihood of being
overweight. Neither ‘the type of ECEC nutrition policy’ (i.e. Child and Adult Care Food Program
(CACCP), Non-CACFP, or Head start) nor ‘the number of educators caring children’ were related to
children’s weight outcomes (McBride, et al., 2013).

Sociocultural Environment
Five potential environmental characteristics were classified as representing the sociocultural
environment, with ‘educators’ weight status (i.e. normal weight or overweight)’ and ‘educators’
habitual physical activity status’ identified as potential correlates. For pre-schoolers, having overweight
educators tended to increase their likelihood of being overweight, whereas children cared by active
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educators were less likely to be overweight (Hoffmann, et al., 2014). Null results were found regarding
‘physical activity educators’ behaviours’, ‘nutrition training and education for children’, and ‘nutrition
educator’s behaviours’ (Sisson, et al., 2016).

4.4 Discussion
4.4.1 Overview of Findings
The aim of this systematic review was to identify ECEC environmental correlates of children’s weight
status. Twenty-two environmental characteristics were identified from eight studies and classified using
the ANGELO framework, and six potential correlates were found.

Regarding the physical environment, “active environment”, measured with Environment and Policy
Assessment and Observation (EPAO) instrument, was associated with pre-schoolers’ reduced
likelihood of being overweight(Sisson, et al., 2016), which physical activity might mediate. Having
more play equipment, both portable and fixed, and more suitable indoor active play environment might
encourage children to become more active, which in turn might increase their energy expenditure and
help them to maintain a healthy weight. However, in other studies using the same environment rating
scale to assess ECEC environments, portable play equipment and fixed play equipment had opposite
associations with children’s moderate-to-vigorous physical activity (Bower, et al., 2008; Dowda et al.,
2009). In that case, an environmental characteristic incorporating both ‘portable play equipment’ and
‘fixed play equipment’ might show a null result regarding the association with physical activity in
children as well as with their weight outcomes in the observations. For example, in the study conducted
by Huynh et al (Huynh, et al., 2011), the environmental characteristic ‘the amount of equipment in
ECEC’, including both portable and fixed equipment, was not related to children’s BMI changes.
Moreover, as reported by Sisson et al (Sisson, et al., 2016), the association between “active
environment” and children’s weight status ceased to be significant after controlling for confounders. In
response, future studies is recommended to subdivide ‘active environment’ into detailed elements in
order to clarify the influence of different types of play equipment on young children’s physical activity
and weight status.
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Regarding the political environment, ‘sedentary opportunities’, ‘active play time’, and ‘servings of high
sugar and high fat’ were associated with children’s weight status, which obesity-related behaviours
might mediate. For example, children enrolled in ECEC programmes that offer more seated activities
might have extended sedentary time. Likewise, a longer ‘active play time’ in ECEC programmes might
promote the time that children spend being active. ECECs’ policies and practices that allow more
frequent provisions of high sugar and high fat foods might encourage children to consume larger amount
of those foods. Such obesity-related behaviours might contribute to a high likelihood of being
overweight (LeBlanc et al., 2012; Millar et al., 2014; Timmons et al., 2012). However, ‘active play
time’, and “high sugar and high fat served” were identified in a study with a small sample dominated
by Native Americans, which limits the generalisability of the findings.

The findings of two sociocultural environmental correlates (i.e. ‘educators’ weight’ and ‘educators’
habitual physical activity level’) suggest the influence of educators on young children’s weight status.
Evidence has shown that educators’ characteristics, beliefs and behaviours may influence children’s
weight-related attitudes and behaviours (Ra, Yun, & Cho, 2016; Tonge, Jones, & Okely, 2016).
Accordingly, physical activity levels in children could have been influence by their inactive educators
and thus decreased. Similarly, overweight educators might exhibit obesity-related behaviours that
children are liable to emulate. Overweight educators could also lack the knowledge regarding healthy
diet and physical activity and therefore enact care practices that encourage children, even if
inadvertently, to adopt unhealthy dietary habits and inactive lifestyles, that could, in turn, those
behaviours may influence their weight status. With the increase population of children who attend
ECEC centres, educators play an increasingly important in children’s lives; however, educators’
influences on young children’s health remain poorly understood (Hoffmann, et al., 2014).

At the same time, the associations described above should be interpreted with cautions given the lack
of repetition and methodological limitations evident in the reviewed studies.
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4.4.2 Limitations of Reviewed Studies
Some methodological challenges emerged in the reviewed studies that limit their contributions to the
evidence base and could prompt the inconsistent results across studies.

First, the definitions and measures of environmental characteristics varied across studies, which reduced
the comparability of the findings. For instance, ‘outdoor play time’ was defined by Soderstrom et al
(Soderstrom, et al., 2013) to mean relative time children spent outdoor at the ECEC but referred to the
absolute time children spend in outdoor play by Sisson et al(Sisson, et al., 2016). Moreover, the
subjective measures of environmental characteristics used in most reviewed studies were likely to cause
inaccuracy since unmeasured confounders might have been introduced that unduly inflated the
proportion of variance for which a variable could account in the outcome (Bingham, et al., 2016). For
example, on the questionnaire used by Ansari et al (Ansari, et al., 2015),“outdoor play time” was scaled
into a 5- to 10-min intervals (e.g. 15, 20, and 25 minutes) and reported by the educators. That measure
is less precise and tends to be biased compared with the objective measures (e.g. using a stopwatch) in
two other studies (Sisson, et al., 2016) (Soderstrom, et al., 2013).

Since obesity is multifactorial in origin (SureSh and MahenDra, 2014), it is important in statistical
analyses to adjust for potential confounders such as demographic factors in order to understand the
“independent” influence of ECEC environmental characteristics on young children’s weight status. For
example, the association between ‘active environment’ and children’s weight status was determined by
using an unadjusted regression model in a study with an ethnically diverse sample; however, that
association ceased to be significant after controlling for ethnicity(Sisson, et al., 2016), which suggests
that it might be the confounder rather than ‘active environment’ that explained the variation in those
children’s weight status. At the same time, confounders were adjusted in a few studies only, which
complicated ascertaining results.

4.4.3 Gaps in Research
Several gaps might need to be addressed in current research in this area. First, there is a lack of repetition
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in the ECEC environmental characteristics examined with children’s weight status. This may be due to
the broad spectrum of environmental characteristics of ECEC settings and the limited number of
relevant studies. Future research is therefore recommended to adopt ecological approached, in order to
capture a more complete picture of the ECEC environmental influence on children’s weight status.

From another angle, evidence of how regarding obesity-related behaviours mediate the association
between ECEC environmental characteristics and young children’s weight status remains scarce. Most
associations investigated in the studies reviewed were likely to be mediated by diet or physical activity,
although the mediation effects of food intake and physical activity in the associations have not been
investigated as extensively. Moreover, some risk factors for early childhood overweight and obesity are
seldom considered to be potential mediators. For example, there is a consistent evidence of the
association between sleep duration and pre-schoolers’ weight status(Chen, Beydoun, & Wang, 2008;
Hager et al., 2016; Sekine et al., 2002; Von Kries, Toschke, Wurmser, Sauerwald, & Koletzko, 2002),
and sleep duration, especially nap duration, is likely influenced by environmental cues (Brescianini et
al., 2011; Fisher, van Jaarsveld, Llewellyn, & Wardle, 2012; Touchette et al., 2013). Therefore, some
ECEC environmental characteristics, such as the quality of nap rooms, could influence children’s
weight status, mediated through nap. However, those relationships remain not fully understood (Thorpe
et al., 2015).

Another gap in available research is that no economic environmental characteristic has been examined
with young children’s weight status. Evidence has shown that school-level economic disadvantage was
associated with greater prevalence of obesity in children (Moreno, Johnson-Shelton, & Boles, 2013) as
well as adolescents (Springer et al., 2015; Voorhees et al., 2009), regardless of household economic
status or ethnicity, which indicates that the economic inequality in educational settings might influence
children’s weight outcomes. In response, future research is needed to focus on younger children who
are more likely to be influenced by environmental cues (Anzman, Rollins, & Birch, 2010). It should
also be noted that all four environmental domains interact with each other to some extent, especially
with economic environment. For example, ‘play equipment in ECEC’ is classified into the physical
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environmental domain, while the availability of such equipment depends on the cost of purchase and
maintenance, which belongs to the economic environmental domain. That sort of interaction and its
influence on young children’s weight status warrants consideration in further research.

No environmental characteristics of family-based ECEC centres were investigated in the studies
reviewed. Moreover, inconsistent associations between family-based ECEC centre attendance and
children’s weight status were reported in a recent systematic review (Swyden, et al., 2017), in which
such inconsistency was suggested to stem from the discrepancy across the environments of familybased ECEC centres (Swyden, et al., 2017). Since this type of ECEC centre is common in many
countries (Benjamin Neelon, et al., 2015; Lindsay, Salkeld, Greaney, & Sands, 2015; Neilsen-Hewett,
Sweller, Taylor, Harrison, & Bowes, 2014), it is pivotal to understand its environmental influence on
young children’s weight status.

Lastly, few studies have focused on infants and toddlers. Since many infants and toddler now receive
care in ECEC centres and because their rapid weight gain tends predict their overweight and obesity in
later life (Baird et al., 2005; Druet et al., 2012; Monteiro and Victora, 2005; Ong and Loos, 2006), it is
additionally important to study ECEC environmental influences on their weight status.

4.4.4 Strengths and Limitations
To the authors’ knowledge, the present systematic review marks the first to report ECEC environmental
correlates of young children’s weight status. It followed an ecological framework (i.e. ANGELO),
which provided a clear organisation of the reporting. Most studies reviewed had adequate sample sizes,
minimal missing data and reliable measures of weight status. However, since the scarcity of studies and
the variation in measurement precluded meta-analysis, a narrative summary of the findings was used to
describe the results instead. Results should be interpreted with caution, given the various measures of
environmental characteristics, cross-sectional designs and unadjusted analytical models in most studies
reviewed.
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4.5 Conclusions
Altogether, twenty-two ECEC environmental characteristics were identified in this systematic review,
among which six correlates of children’s weight status were determined. To promote healthy weight in
young children, ECEC settings are recommended to improve their active environments, reduce
opportunities for sedentary behaviours and limit servings of high sugar and high fat food, while
educators could maintain normal weight and high physical activity levels. At the same time, the strength
of evidence from studies reviewed is currently limited. More studies with stronger study designs,
objective measures of environmental characteristics, and adjustments for confounders are needed to
confirm and elucidate the relationship between ECEC environmental characteristics and young
children’s weight status. Future research is also recommended to investigate those relationships using
ecological approaches to examine the potential mediators, as well as to focus on family-based ECEC
centres, toddlers, and infants.
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Figure 4. 1 Flow chart of studies selection process
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Table 4. 1 The search strategy

S1

“childcare” OR “child care” OR “preschool*” OR “pre-school*” OR “daycare” OR “day care” OR “head start” OR “kindergarten*” OR “nurser*” OR
“education centre” OR “early childhood education and care”

S2

“child*” OR “toddler*” OR “pre-schooler*” OR “preschooler*” OR “infant*” OR “newborn*” OR “p?ediatric”

S3

“environment*” OR “equipment” OR “facilities” OR “space” OR “polic*” OR “guide*” OR “programme structure” OR “program structure” OR “class
size” OR “practice*” OR “care routine” OR “cultur*” OR “teacher*” OR “educator*” OR “staff” OR “attitude” OR “belief”

S4

“obes*” OR “adipos*” OR “weight” OR “overweight” OR “BMI” OR “body mass index” OR “waist circumference” OR “skinfold thickness”

S5

Combine S1 to S4 with “OR”
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Table 4. 2 Summary of included studies
Author &
date

Study
design

Location

Sample
size

Age

Sex

Hoffman
n, 2014

Crosssection
al

Germany

N=434

3~6
years

McBride
, 2013

Crosssection
al

US

N=329

2~5
years

Girls
and
boys
(56%
)
comb
ined
Girls
and
boys
comb
ined

Ross,
2013

Crosssection
al

US

N=339

4.5±0
.3
years

Girls
and
boys
(52.2
%)
comb
ined

Soderstr
om, 2013

Crosssection
al

Sweden

N=172

3.0~5
.9
years

Girls
and
boys
comb
ined

Ethni
city

Setting

Assessment
of weight
status
Objective

Primary
outcome
Overweight
likelihood

Assessment of
independent
variable
Surveys
(educators’
reports)

Environmental
characteristics

Analysis

Findings

Educators’ weight
status (overweight,
normal weight);
Educators' habitual
physical activity scores;

Logistic
regression
analysis
(controlling for
covariates)

Positive association between educators’ weight status and
children’s odds of being overweight (OR: 1.97; 95% CI:
1.01, 3.83; p = 0.047).
Negative association between educators’ habitual
physical activity score and children’s odds of overweight
(OR: 2.32; 95% CI: 1.10, 4.92; p = 0.028).

Surveys
(parents/prima
ry caregivers’
report)

Nutrition policies (NonCACFP, CACFP, Head
Start)

Logistic
regression

No association between nutrition policies and children’s
BMI categories.

BMI ;
BMI z scores
Waist
circumference

Surveys
(directors’
reports)

TV viewing (High-TV,
Low-TV)

t-test (unadjusted
model);
Mixed model
ANOVA
(controlling for
gender,
race/ethnicity,
SES and length
of school day)

In unadjusted model, children in High-TV preschool
group had significantly higher BMI (high TV: 16.5 ± 1.9,
low TV: 16.1 ± 1.8; P = 0.04), and BMI-z score (high
TV: 0.6 ± 1.1, low TV: 0.4 ± 1.1; P = 0.02).
In adjusted model, children in High-TV preschool group
had insignificantly higher BMI (high TV: 16.5 ± 0.2, low
TV: 16.2 ± 0.2; P = 0.20), and BMI-z score (high TV: 0.6
± 0.1, low TV: 0.4 ± 0.1; P = 0.18)

BMI
dichotomized
(over weight,
normal
weight) ;
Waist
circumference

Objective
(observation)

Quality of outdoor
environment;
The percent of time
spent outdoor

ANOVA
(controlling for
age, sex, birth
weight and
mothers
socioeconomic
status)

No association between the quality of outdoor
environment and BMI dichotomized (P = 0.32), and
waist circumference (p = 0.44).
No association between the percent of time spent outdoor
and BMI categories (P = 0.07), and waist circumference
(p = 0.25).

-

Kinderg
arten

68.7
%
black
and
31.3
%
white
.
46.3
%
black
,
38.9
%
white
, and
14.8
%
other
race
grou
p.
-

Head
Start

Objective

BMI
dichotomized
(healthy
weight,
overweight/ob
ese)

Preschoo
l

Objective

Day care
centres

Objective
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Sisson,
2016

Ansari,
2015

Huynh,
2011

Zmiri,

Crosssection
al

Longitu
dinal (1
Head
start
year)

Longitu
dinal (1
year)

Longitu

US

US

Vietnam

Israel

N=82

N=281
0

N=526

N=170

3~5
years

3~4
years

4~5
years

Rese

Girls
and
boys
(55%
)
comb
ined

67%
Amer
ican
India
n,
28%
white
, and
5%
other
.

Head
Start

Girls
and
boys
(51.3
%)
comb
ined

22.4
%
white
,
33.5
%
black
,
35.4
%
Hisp
anic,
and
8.7%
Asia
n/oth
er
Vietn
ames
e

Head
Start

Girls
and
boys
(49%
)
asses
sed
separ
ately

Girls

Objective

Objective

Overweight
likelihood

Change in
BMI
Obesity
likelihood

Objective
(observation)

Surveys
(educators’
reports)

Sedentary environment;
physical activity
environment
Fruits & vegetables
served; high sugar &
high fat served; access
to beverages & water;
opportunities for
physical activity;
opportunities for
sedentary activity;
sedentary time; TV
viewing time; active
play time; outdoor play
time; time of structured
physical activity
Nutrition environment
Nutrition training and
education; nutrition
staff behaviors;
Physical activity staff
behaviors

Logistic
regression
(controlling for
% American
Indian children,
years of
operation,
program size,
direction
education,
teacher
education,
respectively)

Outdoor play time

Linear regression

In unadjusted model, only sedentary opportunities was
significantly associated with overweight likelihood (OR:
0.95, 95%CI: 0.90, 1.00; p = 0.031).
In model adjusted for % American Indian children,
activity environment (OR: 0.94, 95%CI: 0.90, 0.98; p≤
0.05) and active play (OR: 1.00, 95%CI: 0.99, 1.00; p≤
0.05) was significantly associated with overweight
likelihood.
In model adjusted for years of operation, high sugar and
high fat served (OR: 0.72, 95%CI: 0.6, 0.87; p≤ 0.05)
was significantly associated with overweight likelihood.
In model adjusted for program size, high sugar and high
fat served (OR: 0.74, 95%CI: 0.56, 0.97; p≤ 0.05) and
active play (OR: 1.00, 95%CI: 0.99, 1.00; p≤ 0.05) was
significantly associated with overweight likelihood.
In model adjusted for director education, high sugar and
high fat served (OR: 0.69, 95%CI: 0.56, 0.86; p≤ 0.05)
and active play (OR: 0.99, 95%CI: 0.99, 1.00; p≤ 0.05)
was significantly associated with overweight likelihood.
In model adjusted for teacher education, high sugar and
high fat served (OR: 0.74, 95%CI: 0.62, 0.88; p≤ 0.05)
was significantly associated with overweight likelihood.
Outdoor play time was significantly associated with the
reduction in BMI (β = -0.05, 95% CI: -0.09, -0.01; p≤
0.05). The difference between high levels and low levels
of outdoor play correspondent to 0.18 BMI kg/m2.
Outdoor play time was significantly associated with
obesity likelihood (OR: 0.99, 95% CI: 0.98, 0.99; p≤
0.05). The difference between high levels and low levels
of outdoor play correspondent to 42% reduction in
obesity likelihood.

Preschoo
l

Objective

Change in
BMI ;
Change in
SSFs

Surveys

Amount of play
equipment;
Food environment

Hierarchical
generalized
estimating
equation

Amount of play equipment was not significantly
associated with girls’ or boys’ change in BMI.
Food environment was not significantly associated with
girls’ or boys’ change in BMI.
Amount of play equipment was not significantly
associated with girls’ or boys’ change in SSFs.
Food environment was not significantly associated with
boys’ change in SSFs in but positively associated with
girls’ change in SSFs (smallest score: adjusted
coefficient =0.00; medium score: adjusted
coefficient=3.22, 95%CI: 0.02, 6.42, p=0.048; largest
score: adjusted coefficient =4.19, 95%CI: 1.25, 7.13, p=
0.005)

-

Day care

Proxy report

Change in

Surveys

The number of

Not clear

No association between the number of caretaker per child
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2011

dinal
Study
(6
months
)

arch
group
: 38.9
week
s on
avera
ge;
Contr
ol
group
: 39.4
week
s on
avera
ge

and
boys
comb
ined

centers

(maternal and
child health
care centre
charts)

weight
(percentiles, zscore);
Change in
weight/height
ratio
(percentiles, zscore)

(parents’
reports)

caretakers per children

and weight change or weight/height ratio.

Abbreviation: BMI, body mass index; SSFs, the sum of skinfold thickness; ANOVA, analysis of variance
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Table 4. 3 Risk of bias results
Reference

Ansari, 2015
Hoffmann,
2014

✓
✓

✗

✓
?

✓
✓

Did the study
have an
acceptable
proportion of
participants
with
completed data
for the
outcome?
✓
✓

Huynh, 2011

✗

✓

✓

✓

✓

✓

✓

✓

McBride,
2013
Ross, 2013
Soderstrom,
2013

✓

✗

?

✓

✓

✓

✓

✗

✓
✗

✓
✗

✓
?

✓
✓

✓
✓

✓
✓

✓
✓

✓
✓

✗

✗

?

✗

✗

✓

✓

✓

Sisson, 2016

Did the
study
specify the
eligibility
criteria?

Was the
selection of
participants
random?

?

Did these
participants
represent a
certain
population
(i.e. country or
region level)?

Is the
sample size
more than
100?

Did the study
report the
source and
detail of
adiposity
assessment?

Were the
measurements
reliable for age
group from
birth to 6
years?

✓
✓

✓
✓

Did the study
report the
source and
detail of
environmental
correlates
assessment?

Did the assessing instruments have
acceptable validity or reliability?

Scores for
the study
(higher
scores denote
lower risk of
bias)

✓
✓

Outdoor play time (✓)
Educators BMI (✗); Educators'
habitual physical activity status (✓)

8/9
6/9

The number of items of play
environment (✗);
The size of the preschool (✗);
The quality of the food environment
(✗);
The time allocated for physical
education (✗);
The number and type of activities
permitted during break times per
school day (✗)
Nutrition policies (✓)

7/9

TV viewing (?)

8/9
6/9

Quality of outdoor environment (✓);
The percent of time spent outdoor
(✓)
Sedentary environment (✓);
Physical activity environment (✓);
Fruits & vegetables served (✓);
High sugar & high fat served (✓);
Access to beverages & water (✓);
Opportunities for physical activity
(✓);
Opportunities for sedentary activity
(✓);
Sedentary time (✗);
TV viewing time (✗); Active play
time (✗); Outdoor play time (✗);

5/9

3/9
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Zmiri, 2011
Total

✓

✗

?

✓

62.5%
25% (2/8)
37.50% (3/8)
87.50%
(5/8)
(7/8)
“✓” - met criteria, “✗” - did not met criteria, “?” - unclear whether it met criteria;
Abbreviation: BMI, body mass index

✓

✓

?

✗

87.5% (7/8)

100% (8/8)

87.50% (7/8)

75% (6/8)

The number of activity bouts (✗);
Time of structured physical activity
(✗);
Nutrition environment (✓);
Nutrition training and education;
nutrition staff behaviors (✓);
Physical activity staff behaviors (✓);
The number of caretakers per
children (?)
37.50% (3/8)

4/9
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Table 4. 4 Summary of ECEC environmental correlates of weight status

Correlates
Physical environmental
Outdoor environment quality (total outdoor area; amount of trees, shrubbery and hilly terrain; integration between vegetation, open areas and play
structures)
Active environment (presence of equipment; suitability of indoor space for active play)
The amount of play equipment
Sedentary environment (presence of electronic media; posters, pictures, books about physical activity)
Food environment within ECEC (breakfast & lunch service style; presence and location of vending machines)
The availability of unhealthy food around ECEC (within a radius of 200m)
Political environmental
Sedentary opportunities (seated activities time, presence and duration of TV viewing; observation of video game playing)
PA opportunities (duration of active play time; presence and duration of structured activity; presence and duration of outdoor play)
Sedentary time
Active play time
Outdoor play time

Positive related to
weight status
(reference)

Negatively related
to weight status
(reference)

Unrelated (reference)

Soderstrom,2013(a)
Sisson, 2016

(e)

Huynh, 2011(h)

Huynh, 2011(i)
Sisson, 2016
Sisson, 2016
Huynh, 2011(j)

Sisson, 2016(d),
Ross, 2013(b)
Sisson, 2016(f)
Ansari, 2015(k)

Sisson, 2016
Sisson, 2016
Sisson, 2016
Soderstrom,2013(a), (l)
Sisson, 2016
Sisson, 2016

Structured PA time
Fruits & vegetables served
High sugar & high fat served
Sisson, 2016(c)
Beverages & water served
Sisson, 2016
The number of educators per children
Zimri, 2011(g)
Nutrition policies (Non-CACFP, CACFP, Head Start)
McBride, 2013
Sociocultural environmental
Educators’ weight status
Hoffmann, 2014
Educators' habitual PA status
Hoffmann, 2014
PA educators’ behaviors
Sisson, 2016
Nutrition training and education
Sisson, 2016
Nutrition educators’ behaviors
Sisson, 2016
a. No association with neither BMI nor waist circumference.
b. TV availability and rules and frequency of TV use; the association was significant with BMI and BMI z score, but insignificant with waist circumference; no association when controlling for cofounders.
c. The association was significant when controlling for years of operation, program size, director education or teacher education; no significant association in unadjusted model.
d. The association was significant in unadjusted model but insignificant when controlling for cofounders.
e. The association was significant when controlling for ethics; no significant association in unadjusted model.
f. The association was significant when controlling for ethics, program size, or director education; no significant association in unadjusted model.
g. No significant association with the change neither in weight nor in weight/height ratio.
h. The association was significant with girls’ SSFs changes but not with boy’s
i. No significant association with the change neither in BMI nor SSFs for both genders.
j. No significant association with the change in BMI for both genders.
k. The association was significant with the change both in BMI and in obesity likelihood.
l. The association was suggested to be significantly associated with weight status (normal weight/overweight) (p=0.07) in the study (according to the significance criteria“p-value < 0.1” in that study), this association was evaluated as
insignificant in this review, judging by the significance level of p-value < 0.05.
Abbreviation: PA, physical activity; BMI,body mass index; SSFs, the sum of skinfold thickness.
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Chapter 5: Environmental characteristics of early childhood
education and care, daily movement behaviours and adiposity in
toddlers: a multilevel mediation analysis from the GET UP! Study
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Santos, R. (2018). Environmental characteristics of early childhood education and care, daily movement
behaviours and adiposity in toddlers: A multilevel mediation analysis from the GET UP! Study. Health
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5.1 Introduction
The global prevalence of overweight and obesity, in children under the age of 5, increased from 4.2%
to 6.1% between 1990 and 2010, and is expected to reach 9.1% by 2020 (De Onis, Blössner, & Borghi,
2010). This is of concern as overweight and obesity at these ages may have detrimental health effects
throughout life, as it is known that higher levels of adiposity in the early years track into later childhood
(Penny, Jimenez, & Marin, 2016) and adolescence (Cunningham, Kramer, & Narayan, 2014).
Moreover, rapid weight gain in the first 2 years of life has been associated with an increased risk of
adult overweight (Adair et al., 2013). Therefore, there is a need to prevent and to address overweight
and obesity in young children. To do this, a better understanding of the factors that associated with early
childhood adiposity is needed.

The environment plays an important role in the development of childhood overweight and obesity
(Baidal et al., 2016; Casey et al., 2014; Nishtar, Gluckman, & Armstrong, 2016). Young children are
especially susceptible to environmental cues that promote obesity-related behaviours, because they may
not be well prepared to make informed decisions to maintain a healthy weight status (Hill, Wyatt, Reed,
& Peters, 2003; Nutbeam, Aar, & Catford, 1989; Patrick and Nicklas, 2005). Given the high attendance
rate of young children in formal early childhood education and care (ECEC) centres in several countries
(Laughlin, 2013; OECD, 2016; Statitics, 2015), many young children are exposed to these environments
for most the day, which may have substantial influence on their weight status (Chambers, 2017). Indeed,
a recent systematic review identified 22 environmental characteristics of ECECs that have previously
been examined in associations with young children’s weight status (Zhang et al., 2017), and concluded
that those relationships were likely to be mediated by energy balance-related behaviours, such as
physical activity and dietary intake (Gubbels, Van Kann, de Vries, Thijs, & Kremers, 2014; Zhang, et
al., 2017). For example, “active time in ECEC centres”, one of the environmental correlates identified
in that review, is likely to influence children’s weight status through an indirect effect on children’s
active levels, while “high sugar and high fat served in ECEC centres” may be associated with children’s
food choice and energy intake, which, in turn, could affect their adiposity (Zhang, et al., 2017).
However, the indirect effects of the ECEC environmental characteristics on young children’s weight

status through these behaviours has not yet been examined (Zhang, et al., 2017). An understanding of
their mediating roles could help improve efficiency and effectiveness of environmental interventions in
ECEC centres, as most of the interventions published so far were designed to prevent and to address
early childhood overweight and obesity through changing intermediate behaviours (Zhou, Emerson,
Levine, Kihlberg, & Hull, 2014).

From a movement perspective, physical activity, sedentary time and sleep can be considered a
continuum ranging from high to low/now movement, with the daily time allocation of these behaviours
constituting a 24-h period (Chastin, Palarea-Albaladejo, Dontje, & Skelton, 2015; Pedišić, 2014). Since
each of these movement behaviours as well as their combination have been associated with several
health and developmental outcomes, including adiposity (Carson et al., 2017; Chaput et al., 2017; Chen,
Beydoun, & Wang, 2008; Poitras et al., 2017), Australia and Canada have recently published 24-h
movement guidelines for the early years, to promote optimal health and development for young children
(Okely et al., 2017; Tremblay et al., 2017). As attending ECEC programs usually contributed to a large
proportion of daily time for toddlers (up to 11 hours), the environments in these settings are likely to
influence young children’s daily movement behaviours. For example, evidence suggests that ECEC
environment may explain up to 50% of the children’s daily variations in physical activity (Boldemann
et al., 2006; Finn, Johannsen, & Specker, 2002; Pate, McIver, Dowda, Brown, & Addy, 2008; Pate,
Pfeiffer, Trost, Ziegler, & Dowda, 2004), and that several environmental characteristics of these settings
(e.g. provision of active opportunities and the presence of outdoor environments) seems to be associated
with children’s physical activity and sedentary time (Tonge, Jones, & Okely, 2016). However, although
these two movement behaviours were common intermediate behaviours in most obesity prevention
environmental interventions in ECEC centres (Zhou, et al., 2014), the indirect effects of the
environment characteristics on adiposity through physical activity and sedentary time are not fully
understood yet.

On the other hand, daytime napping is an essential part of total sleep in early childhood, particularly
during the first 3 years of life (Touchette et al., 2013); and, nap time is part of the daily routine in most
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ECEC centres (Ward, Gay, Anders, Alkon, & Lee, 2007). Indeed, napping duration is more likely to be
influenced by environmental settings, rather than by genetic predisposition (Brescianini et al., 2011;
Fisher, van Jaarsveld, Llewellyn, & Wardle, 2012; Touchette, et al., 2013). For example, in a Canadian
birth cohort study with 995 twins, environmental influences explained a large proportion of variance in
the participants’ napping duration once they became toddlers - 33%, 48% and 79% for 18, 30 and 48
months olds, respectively (Touchette, et al., 2013). Nonetheless, young children’s nap(s) pattern,
duration and quality, as well as environmental influences of ECEC centres on nap(s) remain unclear
(Benjamin et al., 2009; Staton, Smith, & Thorpe, 2015; Thorpe et al., 2015). Since napping may also
play a mediating role in the relationships between environmental characteristics of ECEC centres and
adiposity in young children (Zhang, et al., 2017), it is important to examine the indirect effect of the
environmental characteristics on adiposity through this daily movement behaviour.

Previous studies examining ECEC centre’s environments and nap(s) duration in young children have
used subjective measures (e.g. proxy-report) (Thorpe, et al., 2015; Zhang, et al., 2017), to assess
napping, which are less accurate than objective measures and may affect the strength of the evidence
(Ma and Dill, 2015). Also, there is limited research in this area focus on children under the age of 3
(Kuzik and Carson, 2016; Zhang, et al., 2017).

The aim of the present study was to examine the indirect effects of environmental characteristics on
toddlers’ adiposity through physical activity, sedentary time and nap in a sample of Australian toddlers,
using objective measures of ECEC centres’ environments and daily movement behaviours. We
hypothesized that there are indirect effects of environmental characteristics on toddlers’ adiposity
through physical activity, sedentary time and nap.

5.2 Methods
5.2.1 Participants and ECEC centres
The present study reported on a cross-sectional analysis of the baseline data from the GET UP! Study,
described in full elsewhere (Santos et al., 2016), is a 12-month cluster randomized controlled trial (RCT)
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examining the effects of reducing sitting time on cognitive development and executive functions in
Australian toddlers. Thirty ECEC centres from Illawarra region in NSW with children from a low- to
medium socioeconomic background were recruited (Pink, 2011). All children aged 12- to 26 months
at baseline without any diagnosed medical or psychological impairment were eligible to participate if
they attended the ECEC services full-time (i.e. >6 h/day) at least two days per week. Our sample
included 335 toddlers aged 19.8 ± 4.08 months, of which, 284 had valid accelerometer data (i.e., at least
one 24-h period). Three ECEC centres (including 10 children with valid accelerometer data) dropped
out from the study before the environmental assessment were conducted. Therefore, 274 participants
from the remaining 27 ECEC centres had complete data and were included in the current analyses.
Children who were excluded from the analyses were not significantly different from those included on
demographic characteristics (age, sex and socio-economic status). The University of Wollongong’s
Human Research Ethics Committee approved the study protocol (HE15/236) and the study was
registered in the Australian and New Zealand Clinical Trials Registry (ACTRN12616000471482,
11/04/ 2016, retrospectively registered).

5.2.2 Measures
Outcome
Adiposity
Body weight and height were measured according to standard procedures (Santos, et al., 2016). Body
height was measured to the nearest 0.1 cm in bare or stocking feet with the child standing upright against
a portable stadiometer (Seca 254 Hamburg, Germany). Body weight was measured to the nearest 0.10
kg, lightly dressed (and without diapers) using a portable electronic weight scale (Seca 254 Hamburg,
Germany) (Cornier et al., 2011; NHANES., 2013; Santos, et al., 2016). Body mass index (BMI) was
calculated as weight(kg)/height(m)2 and then BMI z-scores were then calculated by age and sex. Weight
status (normal weight/overweight or obese) was determined according to the World Health
Organization age and sex specific criteria (Group and de Onis, 2006).

Independent variables
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Environmental rating of ECEC centres
The quality of the ECEC centre environment was objectively assessed using the Infant/Toddler
Environment Rating Scale-revised edition (ITERS-R) (Harms, Cryer, Clifford, & Yazejian, 2017). This
instrument measures the environmental quality of ECEC centres for children from birth to 30 months
of age, which has been widely used to assess overall or global quality of child care environment
(Bisceglia, Perlman, Schaack, & Jenkins, 2009; Bjørnestad and Os, 2018; Harms, et al., 2017). The
definition and measures of quality in ITERS-R draws from research evidence from relevant fields
including health, development and education and considers professional views of best practice and the
practical constraints of real life in a ECEC setting. This 39-item instrument has a well-established
validity and reliability (Harms, et al., 2017). For the full 39 items, the intraclass correlation was 0.92;
overall the scale also has a high level of internal consistency with a Cronbach’s alpha of 0.93 (Harms,
et al., 2017).

The 39 items are distributed into seven subscales: (i) space and furnishings (e.g., indoor space; furniture
for routine care and play; provision for relaxation and comfort); (ii) personal care routines (e.g., nap,
diapering and toileting; health practices; safety practices); (iii) listening and talking (e.g., helping
children understand language; helping children use language; using books); (iv) activities (e.g., fine
motor; active physical play; art; music and movement; use of TV, video and/or computer); (v)
interaction (e.g., supervision of play and learning; peer interaction; staff-child interaction); (vi) program
structure (e.g., schedule; free play; group play activities); and (vii) parents and staff (e.g., provisions
for parents; staff interaction and cooperation; staff continuity). Each item consists of several indicators
and is rated on a 7-point scale: 1 (inadequate), 3 (minimal/adequate), 5 (good) and 7 (excellent). Scores
for each item are aggregated to produce an average score for each subscale, and overall scores are
computed for the full scale (Harms, et al., 2017).

Following the ITERS-R manual and scoring protocol, all observers viewed a training video prior to the
live observations. The scoring ratings were based on three and a half to four hours of observation
followed by an interview with the educators to gather information regarding the indicators that the
123

observers were not able to observe during the visit to the ECEC centre. All observations were doublecoded, with two trained observers simultaneously rating the measure. In cases of disagreement, scores
were discussed between the two observers and reconciled scores were used in the data analysis (Harms,
et al., 2017).

Mediators
Physical activity, sedentary time and nap(s) were assessed using waist-worn accelerometers (Actigraph
GT3X+), which have established validity and reliability in toddlers (Trost, Fees, Haar, Murray, &
Crowe, 2012). Participants were asked to wear the monitors 24-hrs for 7 consecutive days, except for
water-based activities. During this period, parents and educators were also asked to log nap(s), nocturnal
sleep and accelerometer non-wear time for each child. Accelerometer data were collected using a
sampling rate of 30 Hz and re-integrated into 15-second epochs for analyses (Cliff, Reilly, & Okely,
2009).

Nap(s)
In order to identify nap(s), accelerometry data were visually inspected minute by minute, with
consideration of the activity logs. Specifically, the nap onset was initially located when a switch in the
accelerometer output from the inclinometer sitting or standing to inclinometer lying or off was detected,
which should roughly agree with the nap onset registered in the corresponding activity log. The onset
was then identified as the first minute followed by at least 10 consecutive minutes with a vector
magnitude of zero in the output. The nap offset was firstly located when a switch in the output from
inclinometer lying or off to inclinometer sitting or standing was detected, which should roughly agree
with the nap offset registered in the activity log. The offset was then identified as the first minute
followed by at least 10 consecutive minutes with a vector magnitude > 0 in the output. Then, nap
duration was calculated as the period between the onset time and the offset time. Similarly, nocturnal
sleep duration was identified with considering the nocturnal sleep registered in the activity logs.

Physical activity and sedentary time
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After identification of nap(s) and nocturnal sleep, these periods were removed from the accelerometer
data, which were then analysed by an automated data reduction program (ActiLife Softeware, Version
6.12.1 for Windows) to identify awake wear time (20 minutes of consecutive minutes of zero counts
were flagged as non-wear awake time (Cliff, et al., 2009) and were also excluded from the analysis) as
well as durations of physical activity and sedentary time. Levels of activity were classified using the
following cut-points for toddlers (Trost, et al., 2012): sedentary time (<25 counts/15 sec), light-intensity
physical activity (25-420 counts/15 sec) and moderate-to-vigorous physical activity (MVPA) (>420
counts/15 sec). The percentages of awake wear time spent in each of these behaviours were then
calculated.

Covariates
Chile age and sex
Child age and sex were assessed by parental questionnaires.

Socio-economic status
Family socio-economic status of the children was assessed using postcode of residence and allocating
from the corresponding value from the Australian Socio-Economic Indexes for Areas 2011(SEIFAIndex of Relative Socio-Economic Disadvantage) (Pink, 2011). A low score on this index indicates a
high proportion of relatively socio-economic disadvantaged people in an area (in terms of people's
access to material and social resources, and their ability to participate in society). Using the score,
deciles ranging from 1 to 10 (higher decile indicates relatively less socio-economic disadvantages) are
derived (Pink, 2011). For description purpose, participants were categorized in three groups: low socioeconomic status (decile=1-3); middle socio-economic status (decile=4-6); and high socio-economic
status (decile=7-10).

5.2.3 Statistical analysis
Descriptive statistics were presented as means and standard deviations.
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A multilevel mediation analysis was conducted to examine the direct effects of independent variables
(environmental rating of ECEC centres) on the outcome (BMI z scores), as well as, the indirect effects
through potential mediators (percentage of awake time spent in light-intensity physical activity, MVPA,
sedentary time, or nap(s) duration) in toddlers. Multilevel mediation analyses extend the classic
mediation model (that assumes independent observations) (Baron and Kenny, 1986; Preacher and
Hayes, 2004) to clustered data by using multilevel modelling (Rockwood, 2017; Rockwood and Hayes,
2017; Tofighi and Thoemmes, 2014; Zhang, Zyphur, & Preacher, 2009).

In the multilevel mediation models, data collected at the lower level (e.g. children level) are called
level-1 data, while data collected at a higher level (e.g. ECEC centre level) are called level-2 data
(Rockwood, 2017; Rockwood and Hayes, 2017; Tofighi and Thoemmes, 2014; Zhang, et al., 2009). In
the current study, a 2-1-1 model was employed, in which the first, second, and third numbers correspond
to measurement levels of the independent (i.e. ECEC environmental rating – level 2 data), mediator
(i.e. movement behaviours – level 1 data) and outcome (i.e. adiposity– level 1 data) variables,
respectively (Figure 5.1) (Tofighi and Thoemmes, 2014; Zhang, et al., 2009).

Level-1 covariates (i.e. age, gender and socio-economic status) were also included in the adjusted
models. Parameters for the models, including fixed effects of independent variables and mediators as
well as random effects of mediators (only random intercepts between mediators and the outcome were
estimated (Zhang, et al., 2009)), were estimated using restricted maximum likelihood estimation
(Rockwood, 2017). Since the ECEC centre-level independent variables did not vary at the individual
level, the within-group effects of independent variables were omitted (Rockwood, 2017; Tofighi and
Thoemmes, 2014). The mediation effects were therefore presented as between-group indirect effect
(Zhang, et al., 2009) (i.e. the effect of the group differences in independent variables on the outcome
through mediators) (Rockwood, 2017).

The significance level was set at p<0.05. The MLmed macro for SPSS (Version 24.0, IBM, USA) for
the mediation models was used (Rockwood, 2017; Rockwood and Hayes, 2017). This macro is available
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from: https://njrockwood.com/mlmed/.

5.3 Results
Table 5.1 presents the descriptive characteristics of the 274 participants (52.6%boys), with 23.7% being
overweight or obese and 76.3% being normal weight. Participants were on average 19.73±4.15 months
old. Nearly half of their time at ECEC centres was spent being sedentary (47.2%).

The environmental rating scores of ECEC centres (N=27) are described in Table 5.2. Of the 7
environmental subscales, “program structure” was the one with the highest average score (5.79 ± 1.26)
whereas “personal care routine” the one with lowest average score (4.52 ± 1.27).

Results from unadjusted multilevel mediation analyses suggested that there were no direct effects of
environmental rating scores on BMI z-scores; no indirect effects through the percentage of awake time
spent in light physical activity, moderate-to-vigorous physical activity or sedentary time, or nap
duration (Tables S1-4 & Figure S1-S4). Similarly, no significant direct or indirect effects of
environmental rating scores on BMI z-scores were found in the adjusted models after controlling for
age, sex and socio-economic status (Tables 5.3 to 5.6 & Figure S5-S8).

The environmental rating subscales “personal care routine” (B=0.72, p=0.041) and “activities” (B=0.87,
p<0.050) were positively associated with the percentage of awake time spent in moderate-to-vigorous
physical activities, after controlling for age, gender and socio-economical status (Table 5.4). Also, the
subscale “listening and talking” was strongly associated with nap duration after controlling for the same
covariates (B= 4.08 p=0.001) (Table 5.6). None of the daily movement behaviours were significantly
associated with BMI z-scores.

5.4 Discussion
5.4.1 Overview of findings
In our study, there were neither significant direct effects of environmental characteristics on toddlers’
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adiposity nor indirect effects through the percentage of time they spent in physical activity or sedentary
time or from their nap duration. However, the environmental characteristics of “personal care routine”
and “activity” were positively associated with the percentage of time these toddlers spent in MVPA. At
the same time, “listening and talking” was positively associated with nap(s) durations.

Neither direct nor indirect effects of environmental characteristics of ECEC centres on adiposity were
significant in our study. Although previous studies have shown that environment may play a significant
role in the development of overweight and obesity (Bouret, Levin, & Ozanne, 2015; Hill, et al., 2003;
Silventoinen et al., 2007), it seems to manifest over a long time and, therefore, it may be difficult to be
observed in children, younger than two years of age (Silventoinen, et al., 2007). Indeed, in previous
observational studies, the associations between environmental characteristics of ECEC centres and
adiposity in young children were predominantly null (Zhang, et al., 2017). Moreover, interventions in
ECEC centres with longer follow-up periods were more likely to detect changes both in intermediate
behaviours as well as in adiposity, whereas those with shorter follow-up periods tended to only have
effects on intermediated behaviours (Zhou, et al., 2014). In this light, the direct and indirect
relationships between environmental characteristics of ECEC centres and adiposity in toddlers need to
be further investigated through longitudinal and experimental studies with long follow-up designs.
Secondly, there may be other environmental characteristics, rather than those examined in the present
study, that may be associated with adiposity in young children. For example, there is no item on the
ITERS-R scale assessing educators physical activity levels; however, it was evident in a study with 434
German children aged 3 to 6 years that educators’ habitual physical activity level was associated with
these young children’ weight status (Hoffmann, Tug, & Simon, 2014). This association may be
mediated by children’s physical activity, that is, educators with higher levels of physical activity may
promote children’ physical activity (Ward, Vaughn, McWilliams, & Hales, 2009), which in turn could
have a beneficial effect on children’s adiposity (Timmons et al., 2012). Thus, it would be interesting if
future studies consider a broader spectrum of environmental characteristics, in order to increase our
understanding of how environmental influences of ECEC centres influence young children’s adiposity
and the mediating roles of daily movement behaviours. Lastly, indirect effects of environmental
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characteristics on adiposity may also be mediated through other potential variables, such as dietary
intake, dietary behaviour and stress level. For example, previous studies have reported that children
attending high-quality ECEC services had lower stress levels compared to those who attending lower
quality ECEC services (Charrois et al., 2017; Romano, Kohen, & Findlay, 2010). In turn, an elevated
cortisol level (a hormone sensitive to stress) responding to stress has been associated with obesity
(Hewagalamulage, Lee, Clarke, & Henry, 2016). Therefore, inclusion of stress levels and other potential
mediators in future mediation analyses may help to better understand how ECEC environments
influence young children’s adiposity.

None of the environmental characteristics examined in the present study were associated with lightintensity physical activity, whereas “personal care routine” and “activity” were positively associated
with MVPA in our sample. ECEC centres with higher rating scores in the “activity” subscale were more
likely to provide higher quality activities (Harms, et al., 2017). Since most of the activities observed
(e.g. fine motor, gross motor, music and movement, dramatic play, sand and water play, less use of
screen devices (Harms, et al., 2017)) seem to encourage physical activity, children could be more likely
to engage in MVPA when attending ECEC centres with higher “activity” ratings, compared with those
attending ECEC centres with lower ratings. Similarly, previous studies have found that the children
attending ECEC centres, which provide greater active play opportunities, spent more time in physical
activity (Bower et al., 2008; Tonge, et al., 2016; Vanderloo, Tucker, Johnson, Burke, & Irwin, 2015;
Ward, et al., 2009). This provides guidance to help inform practice in ECEC; ECEC centres could
increase physical activity levels in young children by improving the quality of active play activities.

Interestingly, ECEC centres with higher rating scores in the “personal care routines” subscale were
associated with more MVPA in toddlers. These centres are more likely to provide higher standard and
warmer care, and, specifically, to keep children healthy, hygienic and safe. We speculate that this might
be related to children’s MVPA through psychological factors, such as feeling secure and safe, since
greater psychological wellbeing has been associated with higher levels of physical activity in this age
group (Kremer et al., 2014; Sterdt, Liersch, & Walter, 2014). However, this speculation needs to be
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further confirmed by future studies.

The environmental rating scores for “listening and talking” was positively associated with toddlers’ nap
duration. This subscale evaluates the way educators communicate with children, in terms of helping
them understand and use language, as well as books use (Harms, et al., 2017). One possible explanation
for its association with toddlers’ nap(s) duration may relate to their stress reactivity. Indeed, children
tend to have a low level of cortisol in a high-quality ECEC centres (Gunnar, Kryzer, Van Ryzin, &
Phillips, 2010; Watamura, Kryzer, & Robertson, 2009), especially when they feel secure and
comfortable being with educators (Badanes, Dmitrieva, & Watamura, 2012; Lisonbee, Mize, Payne, &
Granger, 2008). Since cortisol levels have been associated with nap duration (Schlarb, Lollies, &
Claßen, 2016; Ward, Gay, Alkon, Anders, & Lee, 2008), children attending ECECs with higher ratings
in “listening and talking” may have a longer nap time because they feel less stressful. Alternatively, the
relationship between “listening and talking” rating scores and toddlers nap duration may be explained
by their language development, since previous studies have reported that infants who napped tended to
perform better in language learning than those who did not nap (Gómez, Bootzin, & Nadel, 2006;
Hupbach, Gomez, Bootzin, & Nadel, 2009). If that is the case, nap(s) duration may play a moderating
role in the relationships between language promoting environments in ECEC centres and language
development in toddlers, although this speculation needs to be further confirmed by future studies.

None of the environmental characteristics examined was associated with sedentary time in toddlers.
Indeed, few environmental characteristics of ECEC centres (i.e. outdoor environment, active
opportunities and service quality) examined in previous studies have been associated with children’s
objectively measured sedentary time (Tonge, et al., 2016). However, ECEC centres may encourage
sedentariness as some children may spend up to 80% of their childcare day in sedentary activities
(Reilly, 2010; Santos, et al., 2016). In order to reduce these sedentary time in young children, more
studies are needed to identify other environmental characteristics of ECEC centres associated with their
sedentary time.
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5.4.2 Strengths and limitations
To the best of our knowledge, the present study is the first to examine the associations between
environmental characteristics of ECEC centres and adiposity mediating through physical activity,
sedentary time and nap, in toddlers. The use of an observational measure allowed the objective
assessment of the quality of the ECEC centres’ environment. Daily movement behaviours in young
children were also measured objectively, with the use of accelerometers. These objective measures of
the main variables of interest for this study should be considered its greatest strength, as they can be
more accurate than subjective measures used in previous studies. Another strength of the study is the
use of multilevel mediation analysis, which allowed us to take into account the clustered nature of the
data. However, this study is not without limitations. First, due to the cross-sectional design, causality
of the relationships identified in this study cannot be inferred. Second, the sample is not representative
which means the results are not generalizable. Lastly, due to the availability of data, some potential
covariates, such as children’s dietary behaviours or stress level, were not considered in the analysis.

5.5 Conclusion
Collectively, our hypothesis was not confirmed by our results. The environmental characteristics and
overall quality of ECEC centres examined in the present study have neither direct effects on toddlers’
adiposity nor indirect effects through daily movement behaviours, although these relationships need to
be confirmed by future longitudinal and experimental studies with long follow-up periods. A broader
spectrum of environmental characteristics of ECEC centres needs to be examined with toddlers’
adiposity in future studies as well as these mediators. The mediating roles of other variables, such as
stress levels or dietary intake and dietary behaviour, are also recommended to include in future studies.

The associations between the environmental characteristic of “activity” and toddlers MVPA indicates
that, in practice, ECEC centres could promote a higher level of physical activity in young children by
improving the quality of play activities and by providing more active opportunities. At the same, more
studies are needed to understand the associations between “personal care routine” and MVPA, the
associations between “listening and talking” and nap, as well as other potential environmental
131

characteristics associated with sedentary time, in young children.
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Figure 5. 1 Illustration of a 2-1-1 multilevel mediation model
Path a represents the between-group effect of environment on daily movement behaviours. Path b represents the between-group effect of daily movement
behaviours on adiposity controlling for environment. Path c’ represents the between-group direct effect of environment on adiposity.
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Figure 5.S 1 Unadjusted multilevel mediation models of light physical activity (the percentage of
awaking wear time) in relationships between environment and zBMI
Abbreviation: LPA, light physical activity; BMI, body mass index; CI, confidence interval.
Path a represents the between-group effect of environment on light physical activity. Path b represents
the between-group effect of light physical activity on z-BMI controlling for environment. Path c’
represents the between-group direct effect of environment on z-BMI. The confidence intervals of
between group indirect effect were estimated using 10,000 Monte Carlo stimulations. The within-group
effect of light physical activity on z-BMI is constant for all models, B = 0.01, p = 0.207.
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Figure 5.S 2 Unadjusted multilevel mediation models of moderate-to-vigorous physical activity
(the percentage of awaking wear time) in relationships between environment and z-BMI
Abbreviation: MVPA, moderate-to-vigorous physical activity; BMI, body mass index; CI, confidence
interval.
Path a represents the between-group effect of environment on moderate-to-vigorous physical activity.
Path b represents the between-group effect of moderate-to-vigorous physical activity on z-BMI
controlling for environment. Path c’ represents the between-group direct effect of environment on zBMI. The confidence intervals of between group indirect effect were estimated using 10,000 Monte
Carlo stimulations. The within-group effect of moderate-to-vigorous physical activity on z-BMI is
constant for all models, B = 0.01, p = 0.526.
*p < 0.05
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Figure 5.S 3 Unadjusted multilevel mediation models of sedentary behaviour (the percentage of
awaking wear time) in relationships between environment and z-BMI
Abbreviation: SED, sedentary behaviour; BMI, body mass index; CI, confidence interval.
Path a represents the between-group effect of environment on sedentary behaviour. Path b represents
the between-group effect of sedentary behaviour on z-BMI controlling for environment. Path c’
represents the between-group direct effect of environment on z-BMI. The confidence intervals of
between group indirect effect were estimated using 10,000 Monte Carlo stimulations. The within-group
effect of sedentary behaviour on z-BMI is constant for all models, B = -0.01, p = 0.351.
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Figure 5.S 4 Unadjusted multilevel mediation models of nap(s) duration in relationships
between environment and z-BMI
Abbreviation: BMI, body mass index; CI, confidence interval.
Path a represents the between-group effect of environment on nap(s) duration. Path b represents the
between-group effect of nap(s) duration on z-BMI controlling for environment. Path c’ represents the
between-group direct effect of environment on z-BMI. The confidence intervals of between group
indirect effect were estimated using 10,000 Monte Carlo stimulations. The within-group effect of nap(s)
duration on z-BMI is constant for all models, B = -0.001, p = 0.604.
*p < 0.05
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Figure 5.S 5 Adjusted multilevel mediation models of light-intensity physical activity (the
percentage of awaking wear time) in relationships between environment and BMI z-scores
Abbreviation: LPA, light-intensity physical activity; BMI, body mass index; CI, confidence interval.
Path a represents the between-group effect of environment on light physical activity. Path b represents
the between-group effect of light physical activity on z-BMI controlling for environment. Path c’
represents the between-group direct effect of environment on z-BMI. The confidence intervals of
between-group indirect effect were estimated using 10,000 Monte Carlo stimulations. The within-group
effect of light physical activity on z-BMI is constant for all models, B = 0.01, p = 0.211. All models
were adjusted for level-1 covariates, including age, sex, socio-economic status.
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Figure 5.S 6 Adjusted multilevel mediation models of moderate-to-vigorous physical activity
(the percentage of awaking wear time) in relationships between environment and zBMI
Abbreviation: MVPA, moderate-to-vigorous physical activity; BMI, body mass index; CI, confidence
interval.
Path a represents the between-group effect of environment on MVPA. Path b represents the betweengroup effect of MVPA on z-BMI controlling for environment. Path c’ represents the between-group
direct effect of environment on z-BMI. The confidence intervals of between group indirect effect were
estimated using 10,000 Monte Carlo stimulations. The within-group effect of MVPA activity on z-BMI
is constant for all models, B = 0.01, p = 0.406. All models were adjusted for level-1 covariates, including
age, sex, socio-economic status.
*p < 0.05
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Figure 5.S 7 Adjusted multilevel mediation models of sedentary behaviour (the percentage of
awaking wear time) in relationships between environment and zBMI
Abbreviation: SED, sedentary behaviour; BMI, body mass index; CI, confidence interval.
Path a represents the between-group effect of environment on sedentary time. Path b represents the
between-group effect of sedentary time on z-BMI controlling for environment. Path c’ represents the
between-group direct effect of environment on z-BMI. The confidence intervals of between group
indirect effect were estimated using 10,000 Monte Carlo stimulations. The within-group effect of
sedentary time on z-BMI is constant for all models, B = -0.01, p = 0.199. All models were adjusted for
level-1 covariates, including age, sex, socio-economic status.
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Figure 5.S 8 Adjusted multilevel mediation models of nap(s) duration in relationships between
environment and z-BMI
Abbreviation: BMI, body mass index; CI, confidence interval.
Path a represents the between-group effect of environment on nap(s) duration. Path b represents the
between-group effect of nap(s) duration on z-BMI controlling for environment. Path c’ represents the
between-group direct effect of environment on z-BMI. The confidence intervals of between group
indirect effect were estimated using 10,000 Monte Carlo stimulations. The within-group effect of nap(s)
duration on z-BMI is constant for all models, B = -0.001, p = 0.627. All models were adjusted for level1 covariates, including age, sex, socio-economic status.
*p < 0.05
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Table 5. 1 Participants’ characteristics
Variables

All
n=274
(mean ± standard deviation)

Age (months)

19.73 ± 4.15

Body Mass Index (kg/m2)

17.82 ± 1.67

Average awake wear time (min/day)

536.67 ± 113.27

Percentage of time spent in Light Physical Activity (%)

42.56 ± 5.32

Percentage of time spent in Moderate to Vigorous Physical Activity (%)

10.28 ± 3.89

Percentage of time spent in Sedentary Behaviours (%)

47.16 ± 7.90

Nap duration (min/day)

84.22 ± 35.60

Socio-economic status (%)
Low

41.6

Middle

40.5

High

17.9
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Table 5. 2 Environmental rating scores for all centres
Subscales

Score
(N=27)
(mean ± standard deviation)

Space and Furnishings

5.06 ± 0.83

Personal Care Routines

4.52 ± 1.27

Listening and Talking

5.19 ± 1.80

Activities

4.71 ± 0.93

Interaction

5.64 ± 1.30

Program Structure

5.79 ± 1.26

Parents and Staff

4.90 ± 1.02

Full Scale

4.99 ± 0.79

Note: Each subscale consists of several items rated on a 7-point scale: 1 (inadequate), 3
(minimal/adequate), 5 (good) and 7 (excellent). Scores for each item are aggregated to produce an
average score for each subscale, and overall scores are computed for the full scale.
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Table 5. 3 Adjusted multilevel mediation models of light-intensity physical activity (the percentage of awaking wear time) in relationships between
environmental rating of ECEC centres and BMI z-scores
Path a
B
Space and Furnishings
-0.34(-1.54,0.87)
Personal Care Routines
-0.03(-0.94,0.87)
Listening and Talking
-0.01(-0.56,0.55)
Activities
0.32(-0.81,1.45)
Interaction
-0.11(-0.97,0.75)
Program Structure
0.02(-0.86,0.91)
Parents and Staff
-0.23 (-1.22,0.76)
Full Scale
-0.10(-1.53,1.33)
Abbreviation: CI, confidence interval.
Independent variables

p value
0.566
0.937
0.985
0.563
0.790
0.963
0.637
0.888

Path b
B
0.06(-0.02,0.13)
0.05(-0.02,0.13)
0.06(-0.02,0.13)
0.06(-0.02,0.13)
0.06(-0.02,0.13)
0.05(-0.02,0.13)
0.06(-0.02,0.13)
0.06(-0.02,0.13)

p value
0.160
0.160
0.146
0.162
0.126
0.158
0.140
0.150

Path c’
B
0.01(-0.20,0.23)
0.02(-0.14,0.18)
0.05(-0.05,0.14)
-0.01(-0.21,0.20)
0.09(-0.05,0.23)
0.08(-0.07,0.23)
0.06(-0.12,0.23)
0.10(-0.12,0.34)

p value
0.919
0.805
0.330
0.948
0.207
0.293
0.510
0.427

Indirect effect
B (95%CI)
-0.02 (-0.11,0.05)
-0.002(-0.07,0.06)
-0.0003(-0.04,0.04)
0.02(-0.05,0.11)
-0.01(-0.07,0.05)
0.001(-0.06,0.06)
-0.01(-0.09,0.05)
-0.01(-0.11,0.10)

p value
0.647
0.947
0.987
0.646
0.821
0.969
0.698
0.906

Please note: Path a represents the between-group effect of environment on light physical activity. Path b represents the between-group effect of light physical
activity on z-BMI controlling for environment. Path c’ represents the between-group direct effect of environment on z-BMI. The confidence intervals of the
between-group indirect effect were estimated using 10,000 Monte Carlo stimulations. The within-group effect of light physical activity on z-BMI is constant
for all models, B = 0.01, p = 0.211. All models were adjusted for level-1 covariates, including age, sex, and socio-economic status.
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Table 5. 4 Adjusted multilevel mediation models of moderate-to-vigorous physical activity (the percentage of awaking wear time) in relationships
between environmental rating of ECEC centres and BMI z-scores
Path a
B (95%CI)
Space and Furnishings
-0.26(-1.29,0.76)
Personal Care Routines
0.72(0.03,1.40)*
Listening and Talking
0.07(-0.39,0.54)
Activities
0.87(0.0002,1.74)*
Interaction
-0.16(-0.89,0.56)
Program Structure
-0.19(-0.93,0.56)
Parents and Staff
0.03(-0.80,0.87)
Full Scale
0.50(-0.69,1.69)
Abbreviation: CI, confidence interval.
Independent variables

p value
0.600
0.041
0.745
0.050
0.646
0.606
0.938
0.389

Path b
B (95%CI)
-0.002(-0.10,0.10)
-0.01(-0.12,0.10)
-0.004(-0.10,0.09)
-0.01(-0.12,0.10)
0.004(-0.09,0.10)
0.005(-0.10,0.10)
-0.003(-0.10,0.10)
-0.01(-0.11,0.09)

p value
0.966
0.878
0.929
0.878
0.928
0.925
0.964
0.851

Path c’
B (95%CI)
-0.01(-0.23,0.22)
0.02(-0.16,0.21)
0.04(-0.06,0.14)
0.02(-0.21,0.25)
0.09(-0.07,0.24)
0.08(-0.08,0.25)
0.04(-0.14,0.22)
0.10(-0.17,0.36)

p value
0.951
0.784
0.368
0.784
0.265
0.298
0.641
0.454

Indirect effect
B (95%CI)
-0.001(-0.06.0.06)
-0.01(-0.09,0.08)
-0.0003(-0.02,0.03)
-0.01(-0.09,0.08)
-0.001(-0.04,0.04)
-0.001(-0.04,0.04)
-0.0001(-0.04,0.04)
-0.005(-0.09,0.07)

p value
0.984
0.888
0.978
0.888
0.969
0.965
0.996
0.901

Please note: Path a represents the between-group effect of environment on moderate-to-vigorous physical activity. Path b represents the between-group effect
of moderate-to-vigorous physical activity on z-BMI controlling for environment. Path c’ represents the between-group direct effect of environment on z-BMI.
The confidence intervals of the between group indirect effect were estimated using 10,000 Monte Carlo stimulations. The within-group effect of moderate-tovigorous physical activity on z-BMI is constant for all models, B = 0.01, p = 0.406. All models were adjusted for level-1 covariates, including age, sex, socioeconomic status.
* p < 0.05
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Table 5. 5 Adjusted multilevel mediation models of sedentary time (the percentage of awaking wear time) in relationships between environmental
rating of ECEC centres and BMI z-scores
Path a
B (95%CI)
Space and Furnishings
0.59(-1.49,2.67)
Personal Care Routines
-0.67(-2.19,0.86)
Listening and Talking
-0.08(-1.04,0.87)
Activities
-1.19(-3.07,0.69)
Interaction
0.24(-1.24,1.72)
Program Structure
0.14(-1.39,1.67)
Parents and Staff
0.23(-1.47,1.93)
Full Scale
-0.42(-2.88,2.05)
Abbreviation: CI, confidence interval.
Independent variables

p value
0.560
0.372
0.860
0.202
0.735
0.849
0.785
0.728

Path b
B (95%CI)
-0.02(-0.07,0.03)
-0.02(-0.07,0.03)
-0.02(-0.06,0.03)
-0.012(-0.07,0.03)
-0.02(-0.07,0.03)
-0.02(-0.07,0.03)
-0.02(-0.07,0.03)
-0.02(-0.07,0.03)

p value
0.431
0.448
0.430
0.432
0.357
0.390
0.415
0.460

Path c’
B (95%CI)
0.004(-0.22,0.23)
0.01(-0.16,0.17)
0.04(-0.06,0.14)
-0.01(-0.23,0.21)
0.09(-0.06,0.24)
0.08(-0.07,0.24)
0.04(-0.14,0.22)
0.08(-0.17,0.34)

p value
0.969
0.945
0.369
0.924
0.226
0.275
0.611
0.501

Indirect effect
B (95%CI)
p value
-0.01(-0.09,0.05)
0.736
0.01(-0.03,0.08)
0.651
0.002(-0.03,0.03)
0.430
0.02(-0.04,0.12)
0.566
-0.01(-0.06,0.04)
0.819
-0.002(-0.05,0.04)
0.900
-0.004(-0.06,0.05)
0.863
0.01(-0.06,0.09)
0.838

Please note: Path a represents the between-group effect of environment on sedentary behaviour. Path b represents the between-group effect of sedentary
behaviour on z-BMI controlling for environment. Path c’ represents the between-group direct effect of environment on z-BMI. The confidence intervals of the
between group indirect effect were estimated using 10,000 Monte Carlo stimulations. The within-group effect of sedentary behaviour on z-BMI is constant for
all models, B = -0.01, p = 0.199. All models were adjusted for level-1 covariates, including age, sex, socio-economic status.
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Table 5. 6 Adjusted multilevel mediation models of nap(s) duration in relationships between environmental rating of ECEC centres and BMI zscores
Path a
B (95%CI)
Space and Furnishings
5.51(-0.83,11.85)
Personal Care Routines
-0.53(-5.72,4.67)
Listening and Talking
4.08 (1.66,6.49)*
Activities
-1.48(-7.97,5.00)
Interaction
3.88(-0.58,8.33)
Program Structure
3.53(-1.13,8.20)
Parents and Staff
2.50(-3.08,8.08)
Full Scale
5.14(-2.63,12.92)
Abbreviation: CI, confidence interval.
Independent variables

p value
0.849
0.836
0.001
0.641
0.083
0.192
0.364
0.183

Path b
B (95%CI)
-0.01(-0.02,0.01)
-0.005(-0.02,0.01)
-0.01(-0.03,0.005)
-0.005(-0.02,0.01)
-0.01(-0.02,0.01)
-0.01(-0.02,0.01)
-0.01(-0.02,0.01)
-0.01(-0.02,0.01)

p value
0.513
0.530
0.149
0.531
0.273
0.317
0.458
0.383

Path c’
B (95%CI)
0.02(-0.22,0.25)
0.02(-0.15,0.18)
0.09(-0.02,0.21)
0.01(-0.20,0.22)
0.11(-0.05,0.27)
0.11(-0.06,0.27)
0.05(-0.13,0.24)
0.12(-0.15,0.39)

p value
0.874
0.838
0.113
0.943
0.154
0.198
0.547
0.348

Indirect effect
B (95%CI)
p value
-0.03(-0.14,0.06)
0.579
0.002(-0.04,0.05)
0.530
-0.05(-0.14,0.02)
0.189
0.01(-0.05,0.08)
0.813
-0.03(-0.12,0.03)
0.383
-0.03(-0.11,0.03)
0.447
-0.01(-0.09,0.04)
0.653
-0.03(-0.16,0.05)
0.523

Please note: Path a represents the between-group effect of environment on nap(s) duration. Path b represents the between-group effect of nap(s) duration on zBMI controlling for environment. Path c’ represents the between-group direct effect of environment on z-BMI. The confidence intervals of the between group
indirect effect were estimated using 10,000 Monte Carlo stimulations. The within-group effect of nap(s) duration on z-BMI is constant for all models, B = 0.001, p = 0.627. All models were adjusted for level-1 covariates, including age, sex, socio-economic status.
* p < 0.05
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Table 5.S 1 Unadjusted multilevel mediation models of light physical activity (the percentage of awaking wear time) in relationships between
environmental rating of ECEC centres and BMI z-scores
Path a
B (95%CI)
Space and Furnishings
-0.38(-1.61,0.85)
Personal Care Routines
0.17(-0.68,1.01)
Listening and Talking
0.13(-0.45,0.72)
Activities
0.70(-0.38,1.77)
Interaction
0.29(-0.50,1.08)
Program Structure
0.51(-0.30,1.31)
Parents and Staff
-0.11(-1.16,0.93)
Full Scale
0.46(-0.86,1.78)
Abbreviation: CI, confidence interval.
Independent variables

p value
0.531
0.690
0.640
0.195
0.450
0.205
0.823
0.475

Path b
B (95%CI)
0.05(-0.01,0.12)
0.05(-0.01,0.11)
0.05(-0.01,0.11)
-0.05(-0.01,0.12)
0.05(-0.01,0.11)
0.04(-0.02,0.11)
0.05(-0.01,0.11)
0.05(-0.01,0.11)

p value
0.093
0.105
0.100
0.111
0.117
0.160
0.083
0.121

Path c’
B (95%CI)
0.03(-0.16,0.22)
0.03(-0.10,0.16)
0.05(-0.04,0.13)
0.004(-0.17,0.18)
0.07(-0.04,0.19)
0.06(-0.06,0.19)
0.06(-0.09,0.22)
0.09(-0.11,0.29)

p value
0.762
0.673
0.277
0.963
0.194
0.313
0.399
0.349

Indirect effect
B (95%CI)
p value
-0.02(-0.11,0.05)
0.598
0.01(-0.04,0.07)
0.734
0.01(-0.03,0.05)
0.691
0.04(-0.02,0.13)
0.347
0.01(-0.03,0.07)
0.544
0.02(-0.02,0.09)
0.388
-0.01(-0.08,0.06)
0.844
0.02(-0.05,0.11)
0.566

Please note: Path a represents the between-group effect of environment on light physical activity. Path b represents the between-group effect of light physical
activity on z-BMI controlling for environment. Path c’ represents the between-group direct effect of environment on z-BMI. The confidence intervals of the
between group indirect effect were estimated using 10,000 Monte Carlo stimulations. The within-group effect of light physical activity on z-BMI is constant
for all models, B = 0.01, p = 0.207.
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Table 5.S 2 Unadjusted multilevel mediation models of moderate-to-vigorous physical activity (the percentage of awaking wear time) in relationships
between environmental rating of ECEC centres and BMI z-scores
Path a
B (95%CI)
Space and Furnishings
-0.31(-1.25,0.62)
Personal Care Routines
0.62 (0.03,1.20)*
Listening and Talking
0.13(-0.32,0.57)
Activities
0.89 (0.14,1.65)*
Interaction
0.04(-0.56,0.65)
Program Structure
0.08(-0.55,0.71)
Parents and Staff
0.09(-0.71,0.88)
Full Scale
0.59(-0.39,1.58)
Abbreviation: CI, confidence interval.
Independent variables

p value
0.495
0.040
0.558
0.022
0.885
0.793
0.826
0.229

Path b
B (95%CI)
0.01(-0.08,0.10)
-0.01(-0.10,0.09)
0.001(-0.09,0.09)
-0.01(-0.10,0.09)
0.01(-0.08,0.09)
0.003(-0.08,0.09)
-0.004(-0.08,0.09)
-0.01(-0.10,0.08)

p value
0.889
0.911
0.982
0.911
0.904
0.936
0.927
0.881

Path c’
B (95%CI)
0.01(-0.19,0.22)
0.04(-0.11,0.19)
0.05(-0.04,0.14)
0.05(-0.15,0.25)
0.09(-0.04,0.21)
0.09(-0.04,0.22)
0.06(-0.11,0.22)
0.12(-0.10,0.34)

p value
0.899
0.578
0.267
0.618
0.157
0.185
0.497
0.266

Indirect effect
B (95%CI)
-0.002(-0.06,0.05)
-0.003(-0.07,0.06)
0.0001(-0.02,0.02)
-0.005(-0.10,0.09)
0.0002(-0.03,0.03)
0.0003(-0.03,0.03)
0.0003(-0.04,0.04)
-0.004(-0.08,0.06)

p value
0.936
0.918
0.991
0.917
0.986
0.983
0.984
0.907

Please note: Path a represents the between-group effect of environment on moderate-to-vigorous physical activity. Path b represents the between-group effect
of moderate-to-vigorous physical activity on zBMI controlling for environment. Path c’ represents the between-group direct effect of environment on zBMI.
The confidence intervals of the between group indirect effect were estimated using 10,000 Monte Carlo stimulations. The within-group effect of moderate-tovigorous physical activity on zBMI is constant for all models, B = 0.01, p = 0.526.
* p < 0.05
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Table 5.S 3 Unadjusted multilevel mediation models of sedentary time (the percentage of awaking wear time) in relationships between
environmental rating of ECEC centres and BMI z-scores
Path a
B (95%CI)
Space and Furnishings
0.70(-1.33,2.72)
Personal Care Routines
-0.76(-2.11,0.59)
Listening and Talking
-0.28(-1.24,0.68)
Activities
-1.56(-3.27,0.14)
Interaction
-0.36(-1.67,0.94)
Program Structure
-0.62(-1.96,0.73)
Parents and Staff
0.06(-1.66,1.77)
Full Scale
-1.05(-3.20,1.09)
Abbreviation: CI, confidence interval.
Independent variables

p value
0.483
0.256
0.553
0.071
0.569
0.353
0.947
0.322

Path b
B (95%CI)
-0.02(-0.06,0.02)
-0.02(-0.06,0.02)
-0.02(-0.06,0.02)
-0.02(-0.06,0.02)
-0.02(-0.06,0.02)
0.02(-0.06,0.02)
-0.02(-0.06,0.02)
-0.02(-0.06,0.02)

p value
0.289
0.351
0.329
0.357
0.330
0.393
0.290
0.395

Path c’
B (95%CI)
0.02(-0.17,0.22)
0.02(-0.12,0.16)
0.05(-0.04,0.14)
0.01(-0.18,0.20)
0.08(-0.04,0.20)
0.08(-0.05,0.21)
0.06(-0.10,0.22)
0.10(-0.11,0.31)

p value
0.803
0.746
0.288
0.898
0.171
0.231
0.472
0.346

Indirect effect
B (95%CI)
-0.01(-0.09,0.04)
-0.01(-0.02,0.07)
0.01(-0.02,0.04)
0.03(-0.04,0.13)
0.01(-0.03,0.05)
0.01(-0.02,0.06)
-0.001(-0.54,0.48)
0.02(-0.04,0.10)

p value
0.637
0.540
0.696
0.447
0.707
0.613
0.960
0.599

Please note: Path a represents the between-group effect of environment on sedentary behaviour. Path b represents the between-group effect of sedentary
behaviour on zBMI controlling for environment. Path c’ represents the between-group direct effect of environment on zBMI. The confidence intervals of the
between group indirect effect were estimated using 10,000 Monte Carlo stimulations. The within-group effect of sedentary time on zBMI is constant for all
models, B = -0.01, p = 0.351.

150

Table 5.S 4 Unadjusted multilevel mediation models of nap(s) duration in relationships between environmental rating of ECEC centres and BMI zscores

Path a
B (95%CI)
Space and Furnishings
4.62(-1.39,10.63)
Personal Care Routines
-0.80(-5.25,3.66)
Listening and Talking
4.05 (1.67,6.43)*
Activities
-0.69(-6.45,5.08)
Interaction
2.64(-1.19,6.47)
Program Structure
3.47(-0.45,7.40)
Parents and Staff
2.61(-2.68,7.90)
Full Scale
4.28(-2.39,10.95)
Abbreviation: CI, confidence interval.
Independent variables

p value
0.126
0.718
0.001
0.809
0.167
0.080
0.321
0.199

Path b
B (95%CI)
-0.004(-0.02,0.01)
-0.003(-0.02,0.01)
-0.01(-0.03,0.005)
-0.003(-0.02,0.01)
-0.01(-0.02,0.01)
-0.01(-0.02,0.01)
-0.004(-0.01,0.01)
-0.01(-0.02,0.01)

p value
0.268
0.631
0.166
0.621
0.362
0.318
0.511
0.418

Path c’
B (95%CI)
0.02(-0.18,0.24)
0.04(-0.10,0.17)
0.09(-0.01,0.20)
0.04(-0.14,0.22)
0.10(-0.02,0.23)
0.11(-0.03,0.24)
0.07(-0.10,0.24)
0.14(-0.08,0.35)

p value
0.791
0.600
0.087
0.634
0.109
0.115
0.423
0.203

Indirect effect
B (95%CI)
-0.02(-0.11,0.05)
-0.003(-0.030,0.043)
-0.04(-0.12,0.02)
-0.002(-0.04,0.05)
-0.02(-0.07,0.02)
-0.02(-0.09,0.02)
-0.01(-0.08,0.03)
-0.02(-0.12,0.04)

p value
0.640
0.880
0.207
0.915
0.502
0.422
0.667
0.418

Please note: Path a represents the between-group effect of environment on nap(s) duration. Path b represents the between-group effect of nap(s) duration on
zBMI controlling for environment. Path c’ represents the between-group direct effect of environment on zBMI. The confidence intervals of the between group
indirect effect were estimated using 10,000 Monte Carlo stimulations. The within-group effect of nap(s) duration on zBMI is constant for all models, B = 0.001, p = 0.604.
* p < 0.05
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Childhood Education and Care Centers and 1-Year Change in Toddlers’ Physical Activity and
Sedentary Behavior. Journal of Physical Activity and Health, 16(11), 1000-1006.

156

Abstract
Background: This study examined the associations between environmental characteristics of early
childhood education and care (ECEC) centres and one-year change in toddlers’ physical activity and
sedentary behaviour while at the centres.
Methods: Data from 292 toddlers from the GET-UP! Study were analysed. Environmental
characteristics of ECEC centres were rated using the Infant/Toddler Environment Rating Scale-revised
edition (ITERS-R) at baseline. Children’s physical activity and sedentary behaviour in the centres were
assessed using activPAL devices, at baseline and at one-year follow-up. Linear mixed models were
performed to examine the associations between the environmental characteristics and change in the
proportion of time spent in physical activity and sedentary behaviour.
Results: Compared to baseline, children spent a higher proportion of time in sedentary behaviour
(sitting) but a lower proportion of time in standing and in physical activity (stepping) while at ECEC
centres, at one-year follow-up. The environmental characteristics “interaction” (B=-1.39; p=0.006) and
“programme structure” (B=-1.15; p=0.043) were negatively associated with change in the proportion
of time spent in physical activity.
Conclusion: Better “interaction” and “programme structure” may preclude children’s physical activity
from declining over time and may be considered important features to target in future interventions in
ECEC centres aiming at promoting active lifestyles.
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6.1 Background
The first three years of life is a critical period for the establishment of a physically active lifestyle (Reilly
et al., 2004), given that levels of activity at a young age are likely to track throughout childhood (Jones,
Hinkley, Okely, & Salmon, 2013) and even into adulthood (Tammelin et al., 2014). Physical activity in
early years has been consistently associated with favourable motor development, fitness, and bone and
skeletal health (Carson et al., 2017), whereas prolonged sedentary behaviour (particularly screen-based
sedentary behaviour) has a detrimental effect on adiposity, motor and cognitive development and
psychosocial health (Poitras et al., 2017). These highlight the importance of establishing a physically
active and less sedentary lifestyle during the early years, making it necessary to understand the factors
that may influence physical activity and sedentary behaviour in this age group.

The environment in which a child spends time has an influence on their activity level (Kurka et al.,
2015; McGrath, Hopkins, & Hinckson, 2015; Tandon et al., 2014). An important setting where young
children spend a large proportion of their day is Early Child Education and Care (ECEC) (Zhang et al.,
2018a). Currently most children aged 2 to 3 years from Organization for Economic Cooperation and
Development (OECD) countries are enrolled in ECEC centres (OECD, 2016). For instance, in 2017,
71% of Australia children of this age usually attended these settings (Statistics, 2017). Given these high
attendance rates, ECEC settings may play a pivotal role in influencing young children’s activity levels.
Indeed, up to 50% of the variation in their physical activity seems to be explained by this environment
(Boldemann et al., 2006; Finn, Johannsen, & Specker, 2002; Pate, McIver, Dowda, Brown, & Addy,
2008; Pate, Pfeiffer, Trost, Ziegler, & Dowda, 2004), that is, by the variation in the environmental
characteristics of ECEC centres (Henderson, Grode, O’Connell, & Schwartz, 2015; Hinkley, Salmon,
Crawford, Okely, & Hesketh, 2016; Mehtälä, Sääkslahti, Inkinen, & Poskiparta, 2014).

Most of the environmental characteristics examined were of the physical environments of the ECEC
centres (Hinkley, et al., 2016; Tonge, Jones, & Okely, 2016), such as the availability of play equipment
(Bower et al., 2008; Brown et al., 2009; Dowda et al., 2009; Olesen, Kristensen, Korsholm, & Froberg,
2013; Sugiyama, Okely, Masters, & Moore, 2012; Van Cauwenberghe, De Bourdeaudhuij, Maes, &
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Cardon, 2012; Vanderloo et al., 2014), the presence of sedentary items (e.g. television and computer)
(Bower, et al., 2008; Brown, et al., 2009) or indoor environment (Olesen, et al., 2013; Vanderloo, et al.,
2014). These studies have shown mainly null or mixed associations with children´s activity levels.
Indeed, a recent systematic review of 27 studies examining the ECEC environmental correlates of
children’s objectively measured physical activity and sedentary behaviour identified only two
correlates: the presence of outdoor environment (associated with increased physical activity and
reduced sedentary behaviours) and provision of active opportunities (associated with increased physical
activity) (Tonge, et al., 2016).

Most of the above-mentioned physical environmental characteristics were more directly related to
children’s activity levels. However, from a socio-ecological perspective, where multiple layers of
influence are considered on one’s behaviours (Sallis, Owen, & Fisher, 2015), other aspects of ECEC
centres’ environments that support children’s learning and development, such as the quality of the
educator-child interactions and program structure, may also influence children’s level of activity. From
a developmental-interaction point of view, the interconnected spheres of thought and emotion are as
equally important as the engagement with the environment by children, adults and the material, both of
which play an integrated role in children’s development (Nager and Shapiro, 1999). However, these
have received much less attention in research (Peden, Jones, Costa, Ellis, & Okely, 2017). Since these
aspects are also important components of the ECEC environment that offer real-life education (that
incorporates first-hand experiences -- e.g., art activities, sand and water play -- and more experiential
activities -- e.g., dramatic play, nature or scientific activities) and learning experiences for young
children, understanding their associations with physical activity levels in young children could
strengthen the place of physical activity in the daily routine and learning experiences in ECEC centres.

In addition, studies examining associations between environmental characteristics of ECEC centres and
children’s activity levels have predominately been cross-sectional, making it difficult to identify the
environmental predictors of the change in children’s physical activity and sedentary behaviour.
Therefore, the aim of the current study was to examine associations between the environmental
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characteristics in ECEC centres and the one-year change in objectively measured physical activity and
sedentary behaviours, in a sample of Australian toddlers. We hypothesize that a higher score on each
environmental characteristic would associated with an increase in the proportion of time children spent
in physical activity and with a decrease in the proportion of time spent in sedentary behaviour while in
ECEC centres.

6.2 Methods
6.2.1 Participants
The current study was based on data from the GET-UP! Study, which is a 12-month cluster randomized
controlled trial (RCT) examining the effects of reducing sitting time on cognitive development and
executive functions in Australian toddlers. The full description of the study protocol can be seen
elsewhere (Santos et al., 2016). Briefly, 30 ECEC centres from the Illawarra region in NSW with
children from a low- to medium socioeconomic background were recruited, of which, three dropped
out before the environmental assessments were conducted at baseline. All children aged 12 to 26 months
at baseline without any diagnosed medical or psychological impairment were eligible to participant if
they attend the ECEC services at least >6 h/day at least twice per week. The follow-up measurement
was conducted 12 months after the baseline. As no intervention effects were found for primary
outcomes (change in sitting, standing or stepping time) – please see Table S1 – the data for all children
(belonging either to intervention or control groups) were included in the current study. Our sample
included 335 toddlers aged 19.8 ± 4.08 months at baseline, of which 292 had at least one observation
of valid activPAL data (i.e. at least ≥1 hour of wear time while at childcare on at least ≥3 days (Pate, et
al., 2004; Sousa-Sá et al., 2018; Trost, Sirard, Dowda, Pfeiffer, & Pate, 2003)) and were therefore
included in the analyses.

The Human Research Ethics Committee at the University of Wollongong’s (HE15/236) approved this
study. The study was also registered in the Australian and New Zealand Clinical Trials Registry
(ACTRN12616000471482, 11/04/ 2016, retrospectively registered).
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6.2.2 Measure
Outcome
Physical activity and sedentary behaviour in ECEC centres
Movement behaviours during ECEC attendance time were assessed with activPAL accelerometers over
a week. The activPAL is a valid instrument to assess young children’s sedentary behaviour (sitting),
standing and physical activity (stepping) (Davies et al., 2012; Janssen et al., 2014; Obeid, Nguyen,
Gabel, & Timmons, 2011). The monitor was placed on children’s upper thigh upon their arrival at the
ECEC centre and was removed prior to their departure. On and off time were registered in logs by
research assistants or educators. After the monitors were collected, data were downloaded and entered
using activPAL software (v7.2.32). Time before arrival and after departure and nap(s) time of each
child were manually removed. Children needed to wear the activPAL at least ≥1 hour of wear time on
≥3 days to be considered as having valid data for the present report.

Exposures
Environmental rating of ECEC centres
The quality of the ECEC centre environment was objectively assessed at baseline using the
Infant/Toddler Environment Rating Scale-revised edition (ITERS-R)(Harms, Cryer, Clifford, &
Yazejian, 2017). This instrument that measures the environment of ECEC centres for children from
birth to 30 months of age and has been widely used to assess overall or global quality of the child care
environment (Bisceglia, Perlman, Schaack, & Jenkins, 2009). This instrument has a well-established
validity and reliability (Harms, et al., 2017). As shown in Table 1, the 39 items of this instrument are
distributed into seven subscales: (i) space and furnishings; (ii) personal care routines; (iii) listening and
talking; (iv) activities; (v) interaction; (vi) program structure; and (vii) parents and staff. Each item
consists of several indicators and is rated on a 7-point scale: 1 (inadequate), 3 (minimal/adequate), 5
(good) and 7 (excellent). Trained observers scored each item, that were then aggregated to produce an
average score for each subscale, and overall scores were computed for the full scale, as recommended
by the instrument manual for data processing (Harms, et al., 2017; Zhang et al., 2018b).
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Covariates
Children’s age and gender
Children’s age was calculated considering the date of birth reported by parents; gender was also
reported by parents.

Socio-economic status
Family socio-economic status was assessed using postcode of residence and allocating from this the
corresponding value from the Australian Socio-Economic Indexes for Areas 2011 (SEIFA-Index of
Relative Socio-Economic Disadvantage) (Pink, 2011). Using this score, deciles ranging from 1 to 10
(higher deciles indicates relatively less socio-economic disadvantages) are derived (Pink, 2011). For
this study, participants were categorized in three groups: low socio-economic status (SEIFA=1-3);
middle socio-economic status (SEIFA=4-6); and high socio-economic status (SEIFA=7-10).

6.2.3 Statistical analysis
A preliminary analysis to examine the potential intervention effects on the outcome of interest (change
in the proportion of time children spent in sitting, standing and stepping) was performed using linear
mixed model, adjusted for centre-level clustering effects, time sequence and baseline demographic
variables. No intervention effect was found (Table 6. S1). Descriptive characteristics, at baseline and
follow-up, were presented as means and standard deviations. The change in toddlers’ proportion of time
spent in physical activity, sedentary time and standing time from baseline to follow-up was examined
using linear mixed models, in which time was modelled as a repeated effect and centre-level clustering
effects were modelled as a random intercept. Beta estimates and 95% confidence intervals for time 1
(baseline), with time 2 (follow-up) as the reference in the models, were used to describe the change in
toddlers’ proportion of time spent in physical activity, sedentary time and standing time from baseline
to follow-up. We also performed linear mixed models to examine the associations between
environmental ratings and the change in the proportion of time that children spent in sitting, standing
and stepping in ECEC centres. All models were accounted for the clustering effects of centres (modelled
as random intercept) and time was modelled as a repeated effect. Baseline age, gender, socio-economic
162

status and time were subsequently included as covariates (modelled fixed effects) in the full-adjusted
models. Given that the linear mixed model can handle missing data well (West, Welch, & Galecki,
2014), children with at least one observation of the variables of interest were included in the analyses.
Data were analysed using SPSS software (Version 24.0, IBM, USA). A P value < 0.05 was set as the
significance level.

6.3 Results
At baseline, children had a mean age of 19.64 ± 4.05 months. Fifty-two percent of children were boys
and the percentage of children from low, middle and high socio-economic status were 42.1%, 40.1%
and 17.5%, respectively. The average environmental rating score for all 27 centres at baseline is shown
in Table 6.1. Compared to baseline, children’s proportion of time spent in sedentary behaviour (sitting
time) while at the ECEC centres was significantly higher at follow-up, whereas the proportion of time
spent in physical activity (stepping time) and standing was lower at one-year follow-up (Table 6.2).

Table 6.3 presents the fixed effects parameters of the associations between baseline ECEC centres’
environmental rating at baseline and the change in the proportion of time that children spent in sedentary
behaviour (sitting), standing and physical activity (stepping). In the fully adjusted models, “interaction”
(play and learning educator supervision; peer interaction; staff-child interaction; discipline) – B=-1.39;
p=0.006 – and “programme structure” (schedule; free play; group play activities; provisions for children
with disabilities) – B=-1.15; p=0.043 – were negatively associated with change in the proportion of
time spent in stepping. That is, these environmental characteristics prevented children’s physical
activity from declining over time. There was no association between the other characteristics of the
ECEC centres and the change in the proportion of time children spent in stepping, standing or sitting.

6.4 Discussion
In our study, compared to baseline, children spent a higher proportion of time in sedentary behaviour
(sitting) but a lower proportion of time in standing and in physical activity (stepping) while at ECEC
centres, at one-year follow-up. Our results show that, in the fully adjusted models, “interaction” and
163

“programme structure” were negatively associated with the change in proportion of time spent in
physical activity (stepping). That is, these environmental characteristics prevented children’s physical
activity from declining over time.

Although our participants were still toddlers at follow-up measurement, the proportion of their time
spent in sedentary behaviour, standing time and physical activity and changes from baseline to follow
up (39.8% vs. 51.0%, 38.1% vs. 31.0% and 22.1% to 18.1% respectively) concur with previous
Australian studies in young children (Ellis et al., 2017; Peden, et al., 2017). These indicate that young
children may have more sedentary behaviour and less physical activity in ECEC centres over time.

The environmental characteristic “activities” was not associated with toddlers’ change in physical
activity or sedentary behaviour. Because in the ITERS-R scale, “activities” incorporates both sedentarybased/low-intensive activities (e.g., fine motor, art, blocks, and sand and water play) and more energetic
activities (e.g., active physical play, music and movement, and less use of screen), the combination of
these activities may have nullified the effect to change toddlers’ activity level. However, this may also
indicate that, from an integrated point of view, the activities in ECEC centres may not provide sufficient
active opportunities for young children to maintain physical activity and to reduce sedentary behaviour.

In our study, “interaction” was negatively associated with the change in toddlers’ physical activity.
Since there was a declining trend in toddlers’ physical activity from baseline to follow-up, the negative
association indicates that a higher quality of “interaction” in ECEC centres may preclude toddlers’
physical activity from declining over time. One possible explanation for this is that educators in ECEC
centres with higher “interaction” quality may be more motivated to engage the children in active
behaviours. This may protect children’s physical activity from declining over time as evidence suggests
that educators’ intention to engage children in physical activity and positive prompts per se have been
positively associated with children’s physical activity in ECEC centres (Bell et al., 2015; Gagné and
Harnois, 2013; Gubbels et al., 2011). Also, there may be a stronger involvement of the educators in
children’s active play, which has been suggested as an important stimulus of children’s physical activity
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(Bell, et al., 2015; Vanderloo, et al., 2014). Furthermore, previous findings in pre-schoolers show
positive associations between children’s physical activity and a more democratic style of interaction
from the educators, where cooperation between children, and establishment of safety and discipline are
promoted (Gagné and Harnois, 2013). Since in our study, “facilitating peer interaction” and “discipline”
were incorporated in the environmental characteristic “interaction” subscale, it is plausible that children
in the centres with higher “interaction” quality were less likely to have lower physical activity over
time.

Our results also indicate that “programme structure” (including schedules, free play and group play
activities) may prevent toddlers’ physical activity from declining, as this ECEC environmental
characteristic was negatively associated with the change in toddlers’ physical activity. Indeed, previous
studies focusing on preschool-aged children have suggested that outdoor free play and structured play
are positively associated with higher levels of physical activity (Bell, et al., 2015; Henderson, et al.,
2015). It is possible that children attending those ECEC centres that encourage and facilitate free play
and group play activities may maintain their active levels. Also, in our study, ECEC centres with higher
rating for “programme structure” are required to have a more balanced outdoor and indoor activities as
well as to have active and quiet play varied to meet children’s needs (Harms, et al., 2017). Since
evidence suggested that young children are more active while outdoors (Tonge, et al., 2016; Truelove
et al., 2018) and predominantly inactive during indoor free-play (Fees, Fischer, Haar, & Crowe, 2015),
it is more likely that children attending the centres with a more balanced (outdoor and indoor) schedule
could maintain their physical activity, compare to those attending the centres with a schedule of
predominant indoor activity.

The association between “programme structure” and the change in children’s physical activity was not
significant in the model without adjusting for demographic factors, including children’s age, gender
and socio-economic status. This may indicate that demographic factors could moderate the association
between “programme structure” and physical activity in young children, given that there is evidence
suggesting that their activity patterns in free play and structured play varies across individuals (Frank,
165

Flynn, Farnell, & Barkley, 2018). In this light, the association between environmental characteristics of
ECEC centres and change in children’s physical activity and sedentary time may be shaped somehow
by children’s demographic characteristics (Gubbels, et al., 2011). As such this offers new opportunities
for future research.

In our study, “space and furnishings”, “listening and talking” and “parents and staff” were not
associated with change in children’s physical activity, sedentary time or standing time. This may
because in the ITERS-R instrument, these aspects of ECEC environments were less related to children’s
activity levels. These null associations may also affect the associations between the overall quality of
the ECEC environments and the change in children’s activity level over time, since the ratings for those
characteristics were incorporated in to the full-scale rating. However, it may also be that the overall
quality of the ECEC environment in the ITERS-R instrument did not include other environmental
characteristics that may explain the change in children’s activity levels. At the same time, the ECEC
environmental characteristics that may contribute a higher proportion of time that toddlers spent in
sedentary behaviour at follow-up remain unclear, which should be examined in future studies.

The current study is, to our knowledge, the first to examine the associations between environmental
characteristics of ECEC centres and the change in toddlers’ proportion of time in ECEC centres spent
in physical activity and sedentary behaviour. The use of objective assessments of physical activity and
sedentary behaviour with activPAL is the main strength of our study, given that it allows for a more
accurate assessment and distinction between different postures in young children, when compared to
parental/educator reports of these behaviours. Another research strength is the two time points measures
of children’s activity, allowing us to capture the change of their physical activity and sedentary
behaviour over time. Finally, the use of the ITERS scale should also be considered advantageous over
other scales as it provides a more comprehensive perspective of the ECEC centres in terms of children´s
learning experiences and daily routines (Barros and Aguiar, 2010; Bjørnestad and Os, 2018; La Paro,
Williamson, & Hatfield, 2014). However, due to the observational nature of the study, the causality of
the relationship identified in this study cannot be inferred. Also, the sample is not representative, which
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means the results may be not generalizable for Australian toddlers.

6.5 Conclusions
In conclusion, “interaction” (play and learning educator supervision; peer interaction; staff-child
interaction; discipline) and “programme structure” (Schedule; free play; group play activities;
provisions for children with disabilities) were negatively associated with the change in proportion of
time spent stepping. These mean that these environmental characteristics may preclude children’s
physical activity from declining over time and may be considered important targets for future
interventions in ECEC centres aiming at promoting active lifestyles.

167

Table 6. 1 Baseline environmental rating scores for all centres
Subscales

Items

Score1
(n=27)
(mean ± standard deviation)

Space and Furnishings

Indoor space; furniture for routine care and play; provision for relaxation and comfort; room

5.06 ± 0.83

arrangement; display for children
Personal Care Routines

Greeting and departing; meals and snacks; nap, diapering and toileting; health practices;

4.52 ± 1.27

safety practices
Listening and Talking

Helping children understand language; helping children use language; using books

5.19 ± 1.80

Activities

Fine motor; active physical play; art; music and movement; blocks, dramatic play; sand and

4.71 ± 0.93

water play; nature and science; use of TV, video and/or computer; promoting acceptance of
diversity
Interaction

Supervision of play and learning; peer interaction; staff-child interaction; discipline

5.64 ± 1.30

Program Structure

Schedule; free play; group play activities; provisions for children with disabilities

5.79 ± 1.26

Parents and Staff

Provisions for parents; provisions for personal needs of staff; provisions for professional

4.90 ± 1.02

needs of staff; staff interaction and cooperation; staff continuity; supervision and evaluation
of staff; opportunities for professional growth
Full Scale

1

4.99 ± 0.79

Scores for each subscale ranging from 1 to 7.
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Table 6. 2 Children’s proportion of time spent in sitting, standing and stepping at baseline and at 12-mon follow-up
Estimate (95% CI)a

Mean (SD)

Baseline (n=247)

Follow-up (n=206)

Wear time (min)

219.56(82.13)

300.99 (97.85)

Siting (% of wear time),

39.80 (16.20)

50.95(15.83)

-11.99 (-14.86,-9.11)**

Standing (% of wear time), mean (SD)

38.06 (12.09)

31.00(12.21)

7.81 (5.60,10.02)**

Stepping (% of wear time), mean (SD)

22.14 (9.44)

18.05 (7.53)

4.16 (2.74, 5.57)**

-

Abbreviation: CI, confidence interval
a. In the linear mixed models for repeated measures, beta estimates and 95% confidence intervals for time 1 (baseline) with time 2 (follow-up) as the reference
in the models were used to describe the change in toddlers’ proportion of time spent in physical activity, sedentary time and standing time from baseline to
follow-up.
**P<0.01
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Table 6. 3 Associations between environmental characteristics and the change in toddlers’ sitting, standing and stepping time (n=292)
Environmental characteristics
(n=27)

Sitting time
Models 1a

Standing time
Models 2b

Models 1a

Stepping time
Models 2b

Models 1a

Models 2b

Estimate (95%CI)

p value

Estimate (95%CI)

p value

Estimate (95%CI)

p value

Estimate (95%CI)

p value

Estimate (95%CI)

p value

Estimate (95%CI)

p value

Space and Furnishings

1.97(-0.54,4.48)

0.116

2.15(-0.62,4.92)

0.119

-0.48(-2.30,1.34)

0.585

-0.61(-2.55,1.34)

0.521

-1.40(-2.97,0.17)

0.077

-1.42(-3.04,0.21)

0.083

Personal Care Routines

-0.58(-2.43,1.27)

0.520

-0.33(-2.38,1.72)

0.741

1.16(0.02,2.30)

0.047

1.09(-0.18,2.36)

0.088

-0.47(-1.63,0.69)

0.410

-0.59(-1.78,0.60)

0.313

Listening and Talking

0.94(-0.29,2.17)

0.126

0.97(-0.38,2.33)

0.149

-0.45(-1.31,0.42)

0.294

-0.42(-1.35,0.50)

0.351

-0.47(-1.225,0.32)

0.226

-0.51(-1.32,0.29)

0.195

Activities

-0.58(-3.04,1.88)

0.629

-0.17(-2.88,2.55)

0.898

0.89 (-0.75,2.54)

0.268

0.81(-0.96,2.57)

0.350

-0.50(-2.05,1.04)

0.504

-0.75(-2.33,0.83)

0.333

Interaction

1.59(0.00,3.18)

0.050

1.73(-0.02,3.49)

0.052

-0.43(-1.59,0.74)

0.452

-0.36(-1.63,0.91)

0.556

-1.19(-2.13,-0.25)

0.016

-1.39(-2.31,-0.46)

0.006

Program Structure

0.98(-0.85,2.81)

0.274

1.25(-0.75,3.24)

0.206

-0.09(-1.37,1.20)

0.889

-0.09(-1.46,1.28)

0.891

-0.93(-2.04,0.19)

0.098

-1.15(-2.27,-0.04)

0.043

Parents and Staff

-1.53(-3.84,0.79)

0.185

-1.38(-3.90,1.14)

0.268

1.11(-0.47,2.68)

0.158

1.05(-0.61,2.72)

0.203

0.44(-1.02,1.89)

0.539

0.38(-1.12,1.88)

0.600

Full Scale

0.53(-2.40,3.46)

0.709

0.96(-2.23,4.16)

0.536

0.64(-1.35,2.64)

0.508

0.58(-1.56,2.71)

0.579

-1.20(-2.97,0.56)

0.169

-1.49(-3.27,0.30)

0.097

a.

Models were adjusted for time sequence and the clustered design.

b.

Models were adjusted for baseline age, gender, socio-economic status, time sequence, and the clustered design.

c.
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Table 6.S 1 The potential intervention effects on the change in children’s proportion of time spent in movement behaviour.
Models 1a

Change in children’s proportion
of time spent in movement

Group

behaviour
Sitting time
Standing time
Stepping time

Intervention
Control
Intervention
Control
Intervention
Control

B (95%CI)

Models 2b
p

Reference
1.31(-3.28,5.91)

0.557

0.57(-4.59,5.72)

0.821

Reference
0.575

Reference
-0.04(-2.92,2.83)

p

Reference

Reference
-0.86(-4.01,2.30)

B (95%CI)

0.05(-3.40,3.51)

0.974

Reference
0.976

-0.29(-3.26,2.69)

0.843

Abbreviation: CI, confidence interval.
Note:
a. In models 1, clustering effects and time sequence were adjusted.
b. In models 2, baseline age, gender, socio-economic status, clustering and time sequence were adjusted.
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Abstract
Background: The associations between sleep characteristics and adiposity in children under three years
are not fully understood yet.
Objective: To examine the cross-sectional and prospective associations between sleep characteristics
and adiposity in toddlers over a 12-mo period.
Methods: Participants were 202 toddlers from the GET-UP! Study. Sleep duration, sleep timing and
sleep variability were assessed using 24-h accelerometry for 7 consecutive days. Height and weight
were measured and BMI z-scores were calculated. Linear mixed models were performed to examine
the cross-sectional and prospective associations between sleep characteristics and adiposity, with
adjustments for clustering effects and demographic factors.
Results: Total sleep duration was negatively associated with higher adiposity cross-sectionally (B=0.12; 95%CI: -0.23,-0.01; p=0.033) but not prospectively (B=0.01; 95%CI: -0.13,0.10; p=0.843). Nap
duration was prospectively associated with higher levels of adiposity (B=0.41; 95%CI: 0.14,0.68;
p=0.003). Sleep variability and sleep timing were not associated with concurrent or subsequent
adiposity.
Conclusion: Although sleep duration is an important factor associated with obesity in toddlerhood, the
potential effects of different types of sleep duration may vary. While longer total sleep duration may
protect children from increasing adiposity, longer nap duration seems to be risk factor. As evidence in
this age group is scarce, more research is needed to confirm this finding.
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7.1 Introduction
The obesity epidemic among children has been a major public health concern, as it is linked to a number
of adverse health (e.g., cardiovascular disease, diabetes and sleep apnoea) and socio-emotional
consequences (e.g., low self-esteem and low self-confidence) (Sahoo et al., 2015). Early childhood is
considered a critical period for obesity development, as obesity during this period can track into later
childhood and even adulthood (Druet et al., 2012). Therefore, it is vital to prevent excessive weight
gain in the early years, making it important to understand the risk factors during this period.

A lack of adequate amount of sleep in school-aged children and adolescents has been described to be
one contributing factor to obesity (Chaput et al., 2016). A recent systematic review in children under
five years of age suggested that shorter sleep duration was associated with concurrent and later excess
of adiposity in 20 (out of 31) studies (Chaput et al., 2017). However, most of those studies focused on
pre-schoolers (3-5 years), whereas evidence in infancy and toddlerhood (prior to 3 years) is scarce and
less consistent. In this review only six studies had examined the association between sleep duration and
adiposity in children under three, with predominantly null findings (in four studies) (Chaput, et al.,
2017). Since total sleep duration decreases across the first three years of life (Miller, Lumeng, &
LeBourgeois, 2015), understanding the nature of the association of sleep in this period would be
important for preventing overweight and obesity.

Other sleep characteristics beyond sleep duration may also influence adiposity, although the
associations remain relatively unexplored in children (Jarrin, McGrath, & Drake, 2013). For example,
it has been suggested that sleep timing (i.e., bedtime and wakeup time) may increase obesity risk in
adults (Patel et al., 2014). This is plausible as sleep timing may be related to social and environmental
factors that place individuals at greater risk for overweight and obesity by increasing opportunities to
consume more energy, engage in more sedentary screen time, and by reducing opportunities for physical
activity (Baron, Reid, Kern, & Zee, 2011). Also, abnormal sleep timing may alter circadian rhythms,
which play an important role in circulating levels of nutrients (e.g., glucose, fatty acids and
triglycerides) and various hormones (e.g., insulin, glucocorticoids and cortisol); as such, the alteration
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may lead to metabolic changes that may contribute to obesity (Froy, 2009). Despite the limited number
of studies in childhood (Miller, et al., 2015), preliminary evidence suggests that later bedtimes are
associated with increased adiposity in both school-aged (Golley, Maher, Matricciani, & Olds, 2013;
Jarrin, et al., 2013) and preschool-aged children (Scharf and DeBoer, 2015). However, whether such an
association exists in children under the age of three remains unknown.

Sleep variability (i.e., intra-individual, night-to-night variability of sleep duration) is another
characteristic that may be associated with adiposity. Previous evidence suggests that greater sleep
variability is associated with higher body mass index (BMI) and weight gain in adults (Bei, Wiley,
Trinder, & Manber, 2016). Sleep variability may be more common and relevant in childhood, due to
the rapid growth and development, complex familial and peer systems, as well as environmental
demands during this period. However, its association with adiposity in children has not been fully
understood yet. While the results from a study among 247 American adolescents showed a positive
association between sleep variability and adiposity (Moore et al., 2011), other studies with school-aged
children (Spruyt, Molfese, & Gozal, 2011) and in adolescents (He et al., 2015; Spruyt, et al., 2011)
suggest a null association. At the same time, even less studies have evaluated such an association among
children under the age of five (Rangan, Zheng, Olsen, Rohde, & Heitmann, 2018).

Measures of sleep characteristics in most of the studies in early childhood have relied on parental report,
with few providing the psychometric properties of those instruments, making their validity questionable
in young children (Carter, Taylor, Williams, & Taylor, 2011). It is also known that parent-reported
sleep duration overestimates actual sleep duration compared with objective measures of sleep duration
(e.g., actigraphy) (Girschik, Fritschi, Heyworth, & Waters, 2012). Therefore, assessing sleep
characteristics with objective measures would be advantageous for clarifying the nature of the sleepadiposity association in early childhood (Miller, et al., 2015).

To address these gaps in the literature, this study aimed (i) to examine the cross-sectional associations
between sleep duration, sleep timing and sleep variability with adiposity; and (ii) the prospective
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associations between these sleep characteristics and adiposity after 1-year follow-up, in a sample of
Australian toddlers, using an objective measure of sleep characteristics.

7.2 Methods
7.2.1 Participants
Secondary analyses of data from the GET UP! Study were performed for this paper. The GET UP!
Study was a 12-mo cluster randomized controlled trial (RCT) examining the effects of reducing sitting
time on cognitive development and executive functions in Australian toddlers. The complete description
of this RCT have been previously reported (Santos et al., 2016). Briefly, 30 Early Childhood Education
and Care (ECEC) centres from the Illawarra region in New South Wales from a low- to mediumsocioeconomic areas were recruited. All children aged 12 to 26 months at baseline without any
diagnosed medical or psychological impairment were eligible to participate if they attended the ECEC
services full-time (i.e. >6 h/day) at least twice per week. Baseline data were collected from March 2016
and follow-up data were collected one year later. The GET UP! Study included 335 toddlers aged
19.8±4.08 months at baseline; 202 had valid accelerometer data (i.e., at least ≥ 3 days of 24-hour
periods) and adiposity data (i.e., z-BMI) at baseline; of these, 153 had valid adiposity data at the 1-year
follow-up. As no intervention effect was found for the outcome of interest (adiposity variables, please
see Table7. S1), in the current report we considered all children with valid data on the variables of
interest (i.e. 202 at baseline and 153 at follow-up). Drop off analysis showed that there were no
significant differences in baseline demographical variables (i.e., age, gender and socio-economic status)
between children with adiposity data at follow-up and those without such data.

This study received approval by the Human Research Ethics Committee at the University of
Wollongong’s (HE15/236) and was registered in the Australian and New Zealand Clinical Trials
Registry (ACTRN12616000471482, 11/04/ 2016, retrospectively registered). Informed written
consents were obtained from the educators and children’s parents or guardians.

7.2.2 Measures
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Outcome
Adiposity
Body weight and height were measured according to standard procedures (Santos, et al., 2016). Body
height was measured to the nearest 0.1 cm in bare or stocking feet with the child standing upright against
a portable stadiometer (Seca 254 Hamburg, Germany).Body weight was measured to the nearest 0.10
kg, lightly dressed (and without diapers) using a portable electronic weight scale (Seca 254 Hamburg,
Germany) (Santos, et al., 2016). BMI was calculated as weight(kg)/height(m2) and then BMI z-scores
were then calculated by age and sex using the formula [BMI z-score = (participant’s value – mean value
of the sample)/standard deviation].

Independent variables
Sleep duration, sleep variability and sleep timing
Sleep was assessed using accelerometery, which is a more objective measure than parent-proxy reported
sleep behaviours and can be used to determine sleep-wake periods from differences in movement and
non-movement for extended periods of time in a child’s free-living environment. The waist-worn
accelerometers (Actigraph GT3X+) have been validated and used to measure sleep time in children
(Kinder et al., 2012; Tudor-Locke, Barreira, Schuna Jr, Mire, & Katzmarzyk, 2013), and this device
has established validity and reliability to measure movement in toddlers (Trost, Fees, Haar, Murray, &
Crowe, 2012). Participants were asked to wear the accelerometer for 7 consecutive 24-hour periods,
except for water-based activities. In addition, activity logs registered by parents and ECEC educators
were used as complementary sources for the confirmation of nap(s) and nighttime sleep. Accelerometer
data were collected using a sampling rate of 30 Hz and then integrated into 15-second epochs for
analysis (Trost, et al., 2012). Children had to have at least three 24-h periods of accelerometer data to
be considered for analysis.

As previously described (Zhang et al., 2018), accelerometer data were visually inspected minute by
minute, in consultation with the activity logs, in order to identify nap(s), bedtimes(night) and wake-up
times (morning). Nap onset/bedtime was initially located when a change in the accelerometer output
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from the sitting or standing position to the lying or off position was detected (Tudor-Locke, et al., 2013),
which should roughly agree with the nap onsets/bedtimes registered in the activity logs. Nap
onset/bedtime was then identified as the first minute followed by at least 10 consecutive minutes with
a vector magnitude of 0 in the accelerometer data files. Nap offset/wake-up time was first located when
a change in the inclinometer output from the lying or off position to the sitting or standing position was
detected, which should roughly agree with the nap offsets/wake-up times registered in the activity logs.
Nap offset/wake-up time was then identified as the first minute of at least 10 consecutive minutes with
a vector magnitude of >0.

Nap(s) duration were defined as time between nap onset and nap offset. Nighttime sleep duration were
defined as time between bedtime and wake-up time. Total sleep duration was calculated as the sum of
the nighttime sleep duration and nap(s) duration. For the calculation of sleep duration, wake after sleep
onset (WASO) was not included. Sleep variability was identified as the intra-subject standard deviation
of the nighttime sleep duration over the days with valid data.

Following similar procedures in previous studies with children(Golley, et al., 2013; Zhang, et al., 2018),
sleep timing (bedtime/wake-up time) was calculated as the mean over days with valid data. Using the
median split for bedtime (19:54:26) of the sample at baseline, participants were classified into two
groups: early bedtime group (below median) and late bedtime group (above median). Similarly,
participants were also classified as either an early wake-up time group or late wake-up time group,
according to the median value of the sample (06:52:55).

Covariates
Child age and gender
Child date of birth and gender were assessed by parental questionnaires.

Socio-economic status
Family socio-economic status of the children was assessed using postcode of residence and allocating
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from the corresponding value from the Australian Socio-Economic Indexes for Areas 2011 (SEIFAIndex of Relative Socio-Economic Disadvantage) (Pink, 2011). Using this index, deciles of deprivation
ranging from 1 to 10 (higher decile indicates relatively less socio-economic disadvantages) are derived
(Pink, 2011). For description purpose, participants were categorized in three groups: low socioeconomic status (deciles=1-3); middle socio-economic status (deciles=4-6); and high socio-economic
status (deciles=7-10).

7.2.3 Statistical analysis
Descriptive characteristics of the sample at baseline and at follow-up were presented as means and
standard deviations, median or percentages. The differences in sleep duration, sleep variability and
sleep timing between baseline and follow up were examined using linear mixed models, with adjusted
for time sequence, clustering effects, baseline age, gender and socio-economic status.

As the GET UP! Study was an RCT, the intervention effects on z-BMI were examined using linear
regression models, and no intervention effects were found (Table 7.S1), Therefore, we decided to
perform the analyses with the whole sample to increase statistical power. We also performed a
sensitivity analysis, considering only the control group, and the results remained the same (Table 7.S2).

Linear mixed models were performed to examine the cross-sectional associations between the
independent variables (i.e., total sleep duration, nightime sleep duration, nap(s) duration, sleep timing
or sleep variability) and the outcome (i.e., z-BMI) at baseline, with adjustments for centre-level
clustering effects (modelled as a random intercept). Baseline age, gender and socio-economic status
were subsequently included as covariates in the fully adjusted models. Linear mixed models were also
performed to examine the prospective associations between sleep characteristics at baseline and
adiposity at follow-up, accounting for centre-level clustering effects (modelled as random intercept).
Baseline age, gender, socio-economic status and z-BMI were then included as covariates in the fully
adjusted models.
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Data were analysed using SPSS software (Version 24.0, IBM, USA). P value < 0.05 was set as the
significant level.

6.3 Results
The descriptive characteristics of the cross-sectional and prospective samples are presented in Table
7.1. Children’s BMI and sleep duration (nap, nighttime sleep and total sleep duration) decreased over
one year. Children’s bedtime was almost 30 minutes later while they woke up around 20 minutes earlier
at 12-mo follow-up compared with baseline.

Cross-sectional associations between sleep characteristics and adiposity at baseline are reported in
Table 7.2. In the fully adjusted model, total sleep duration was inversely associated with z-BMI. That
is, an increase of 1- hour total sleep duration was associated with a decrease of 0.12 units of z-BMI
(95% CI, -0.23, -0.01; p=0.033). Nap duration, nightime sleep duration, sleep variability, bedtime or
wakeup time were not associated with z-BMI.

Table 7.3 presents the prospective associations between sleep characteristics and adiposity. Nap
duration at baseline was positively associated with z-BMI at 12-mo follow-up even after accounting for
centre-level clustering, baseline age, gender, socio-economic status and baseline z-BMI: an increase of
1-hour nap duration was associated with a gain of 0.41 unit of z-BMI (95%CI: 0.14, 0.68; p=0.003).
There was no significant association between other sleep characteristics and z-BMI.

7.4 Discussion
The present study shows that sleep duration was associated with adiposity in our sample of toddlers,
although the associations between different types of sleep duration and adiposity varied. Total sleep
duration was negatively associated with adiposity in cross-sectional analyses. Nap duration was
prospectively but not cross-sectionally positively associated with adiposity. Sleep variability and sleep
timing were not associated with concurrent or subsequent adiposity.
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Our results suggest that shorter total sleep duration was cross-sectionally associated with higher
adiposity in toddlers, which is consistent with a number of cross-sectional findings in pre-schoolers
(Diethelm, Bolzenius, Cheng, Remer, & Buyken, 2011; Ingram et al., 2018; Scharf and DeBoer, 2015)
and in toddlers (Hager et al., 2016; Wang et al., 2019). Indeed, short sleep duration has been suggested
to influence the energy balance process through several biological and behavioural mechanisms, which
in turn may increase adiposity (Miller, et al., 2015). Laboratory studies in adults have shown that short
sleep duration could affect appetite regulation through relevant hormonal change, specifically leptin
and ghrelin (Spiegel, Tasali, Leproult, & Van Cauter, 2009). This may cause excessive food intake and
eventually increase energy intake (Lundahl and Nelson, 2015), which has been found in
epidemiological studies in both school-aged (Golley, et al., 2013; Mi et al., 2019) and preschool-aged
children (Rangan, et al., 2018). On the other hand, short total sleep duration may also contribute to
increased adiposity by reducing energy expenditure (Chaput, 2014). Evidence in adults suggests that
total sleep deprivation could lead to lower resting and postprandial energy expenditure (Benedict et al.,
2011), while chronic partial sleep deprivation could cause the feeling of fatigue (St-Onge et al., 2011),
which in turn may reduce physical activity and increase sedentary behaviour (Patel and Hu, 2008). It
has been reported in children that short sleep duration is associated with decreased physical activity
(Hager, et al., 2016; Yoong et al., 2018) and increased screen time (Hale and Guan, 2015).

Although longitudinal studies in preschool-aged children have predominantly suggested that total sleep
duration is negatively associated with weight gain overtime or later adiposity (Carter, et al., 2011;
Diethelm, et al., 2011; Scharf and DeBoer, 2015), we found no prospective association between total
sleep duration and adiposity after one year. Our null-association finding is consistent with other two
longitudinal studies in Australian (n=7,701) (Hiscock, Scalzo, Canterford, & Wake, 2011) and Danish
toddlers (n=311) (Klingenberg et al., 2013). A possible reason for the inconsistent findings between
toddlers and pre-schoolers may be related to the developmental differences (Carter, et al., 2011). Since
adiposity usually declines after the first year of life (Rolland-Cachera, Deheeger, Maillot, & Bellisle,
2006), the potential effect of short sleep over time on adiposity in toddlerhood might be covered by this
declining trend. It may be more likely to observe the potential effect in preschool-aged children as
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during this period the decline in adiposity gradually becomes smaller before the adiposity rebound at
around 5-7 years (Rolland-Cachera, et al., 2006). Moreover, it has been suggested that the adverse effect
of short sleep duration on adiposity may be moderate during early childhood (Diethelm, et al., 2011),
which is likely to manifest over time if the short sleep duration is prolonged. In that case, it may not be
easily observed in a younger and healthier population like our sample (Chaput, et al., 2017). Since preschoolers who have short sleep duration may also sleep less in their toddlerhood and infancy (Derks et
al., 2017), there may be stronger accumulative effects on adiposity and it may be easier to find
significant associations, compared to toddlers. Therefore, future perspective studies with longer followup period are needed to examine the association between short sleep duration and adiposity in children
under three years.

In our study, nap duration was prospectively associated with adiposity 1-year later in toddlers,
indicating that the potential effects of nap(s) on adiposity may be different from that of total sleep
duration. Our cross-sectional findings of no association between nap duration and adiposity in toddlers
is consistent with previous studies in early childhood using cross-sectional designs (Kuzik and Carson,
2016; Louzada, Rauber, Campagnolo, & Vitolo, 2012). In contrast to other prospective studies in young
children (Bell and Zimmerman, 2010; Bolijn, Gubbels, Sleddens, Kremers, & Thijs, 2016), we found a
positive association between nap duration and adiposity. The differences in the measure of nap duration
between those studies (by parental report) and our study (by accelerometry) may be one reason to
explain the contrasting findings. Our results are consistent with studies examining nap time in adults
with accelerometry, in which nap duration was associated with higher adiposity (Devine and Wolf,
2016; Owens et al., 2010). One underlying mechanism for the positive association between nap duration
and adiposity could be the role that cortisol levels plays in obesity development. It is known in adults
that sleep duration could influence cortisol levels, and an increased cortisol level may be associated
with obesity (Chan, Sauve, Tokmakejian, Koren, & Van Uum, 2014). Since evidence suggested that
toddler-aged children who have shorter nap duration tend to exhibit a matured cortisol pattern
(Watamura, Donzella, Kertes, & Gunnar, 2004), this may explain why longer nap duration was
associated with higher subsequent adiposity in our study.
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An alternative explanation for the prospective association between longer nap duration and higher
adiposity may be the mediating effects of nighttime sleep. Previous evidence has suggested negative
associations between nap duration and nighttime sleep duration in young children (Thorpe et al., 2015).
It is likely, therefore, that toddlers in our study who had longer nap duration would have shorter
nighttime sleep duration. This may lead to an increase in adiposity, as it has been found that children
with shortened nighttime sleep duration have higher subsequent adiposity (Bell and Zimmerman, 2010).
While we did not find any prospective association between nighttime sleep duration and adiposity in
our study, the cross-sectional association is close to significant (p=0.05). Therefore, nighttime sleep
duration may be a mediator in the association between nap duration and adiposity in toddlers, which
should be explored in future studies.

In spite of the positive association between nap duration and adiposity over time found in our study, we
caution interpreting this as evidence to support limiting nap duration in toddlers, especially because
nap(s) may be beneficial to other health and development outcomes, such as reduced stress levels
(Atkinson, Jamieson, Khoury, Ludmer, & Gonzalez, 2016), improved motor skill learning (Desrochers,
Kurdziel, & Spencer, 2016) and better cognitive function (Giganti et al., 2014). Therefore, it may also
be important for future studies to identify the ideal nap duration in young children for optimal health,
growth and developmental outcomes.

In this study, the sleep variability in toddlers (around one hour at baseline) was much larger than the
findings in a sample of 368 Danish pre-schoolers (around 0.5 hour) (Rangan, et al., 2018), which is
most likely because children’s sleep/wake system gradually mature with age (Bathory and Tomopoulos,
2017). Neither our study nor the Danish study found a significant association between sleep variability
and adiposity, which agrees with most findings in children and adolescents (He, et al., 2015; Spruyt, et
al., 2011). Since the evidence is still limited, it may be premature to draw conclusions regarding this
association. Previous studies suggest that greater sleep variability is independently associated with
higher energy intake in preschool-aged children (Rangan, et al., 2018) and older children (Golley, et
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al., 2013; He, et al., 2015). These findings indicate an underlying mechanism for a potential positive
association between sleep variability and adiposity in children, which warrants examination in further
epidemiologic studies.

In the current study, sleep timing (i.e., bedtime before around 8 pm or wakeup time before around 7
am) was not associated with concurrent or subsequent adiposity in toddlers. This finding is inconsistent
with a recent study conducted of 8950 American pre-schoolers, in which children who had later
bedtimes (after 9 pm) were more likely to be obese and to gain weight over one year, compared with
those who had earlier bedtimes (before 8 pm) (Scharf and DeBoer, 2015). Despite the limited number
of studies, sleep timing, especially late bedtime, has also been associated with obesity, independent of
sleep duration, in school-aged children and adolescents (Golley, et al., 2013; Jarrin, et al., 2013). A
possible reason for the inconsistency between our study and others may be due to our smaller sample
size, the different stages of development and the difference in the measurement of sleep timing
(objectively vs subjectively). Sleep timing was assessed by parental report in these studies, which may
reduce accuracy (Rangan, et al., 2018). Nevertheless, the association between sleep timing and
adiposity in early childhood is feasible as evidence suggests that later bedtimes are independently
associated with higher energy intake at this age, which seems to be similar to the potential mechanism
linking sleep variability with adiposity (Rangan, et al., 2018). It is also likely that sleep timing could
interact with sleep duration, which may contribute to the biological change linked with obesity risk
(Miller, et al., 2015). In this light, findings in toddlers may need to be replicated in future studies to
draw definitive conclusions.

The current study, to the best of our knowledge, is the first to examine the prospective associations
between objectively measured sleep duration, sleep timing and sleep variability and adiposity in
toddlers. The prospective design of our study, the objective measurements of sleep variables and the
ability to adjust for clustering effects and potential confounders related to demographics should be
considered strengths of this study.
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This study has several limitations. First, the Actigraph has not been validated directly against
polysomnography in the assessment of sleep parameters in toddlers and there are currently no valid
algorithms for sleep scoring available in this age group. To overcome this limitation, we identified sleep
periods by visual inspection of the raw data, in consultation with the activity logs provided by the
parents/educators. It has been shown that manually scoring wrist-worn accelerometer data with use of
a sleep diary/log provided improved agreement with a polysomnography sleep-wake estimation
(Quante et al., 2015). Secondly, there may be rare cases when children’s naps occurred with externally
induced movements (e.g., nap occurring in a moving vehicle), and parents may not have accurately
record these cases. This may have result in incorrect identification of a nap as another movement
behaviour. Thirdly, there were several factors that have confounded the relationship between sleep
characteristics and adiposity and which we were unable to be adjusted in the statistical models, due to
the availability of the data (e.g., dietary intake; nighttime awakenings) or the potential collinear issues
(e.g., physical activity and sedentary behaviour). Finally, our relatively small sample size and only one
follow-up point may limit the observations of true associations between sleep characteristics and
adiposity in young children.

7.5 Conclusions
In the current study, total sleep duration was negatively associated with higher current adiposity but not
subsequent adiposity in toddlers, whereas nap duration was positively associated with subsequent
adiposity but not current adiposity. This indicates that the potential effects of total sleep duration may
be different from that of nap duration at this age. Since sleep duration is modifiable, targeting this sleep
variable may be an effective strategy to prevent overweight and obesity among young children. At the
same time, sleep variability or sleep timing was not associated with current or subsequent adiposity in
our study. However, since relevant evidence in toddlerhood is still scarce, more research should to be
replicated to confirm this finding.
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Table 7. 1 Descriptive characteristics of the participants
Cross-sectional
analysis
(n=202)

Prospective Analysis
(n=153)
Baseline

Follow-upa

P valueb

Age (month), mean(SD)
19.62(4.28)
19.56(4.19)
31.90(4.13)
Gender (% boys)
49.5
50.3
50.3
Socio-economic status
Low (%)
43.1
40.5
40.5
Middle (%)
38.1
41.2
41.2
High (%)
18.8
18.3
18.3
2
Body Mass Index (kg/m ), mean(SD)
17.89(1.70)
18.00(1.63)
17.03(1.24)
0.000
Body Mass Index z-score, mean(D)
0.04(0.96)
0.10(0.91)
0.06(0.93)
0.957
Sleep duration (h), mean(SD)
Nap
1.48(0.47)
1.52(0.46)
1.38(0.54)
0.005
Nighttime sleep
10.85(1.15)
10.90(1.08)
10.05(1.93)
0.000
Total sleep
12.33(1.19)
12.41(1.09)
11.41(0.85)
0.000
Sleep variability (h)
1.08(0.59)
1.00(0.47)
1.01(0.52)
1.000
Sleep timing (median)
Bedtime
19:54:26
19:52:41
20:26:35
0.000
Wake up time
06:52:55
06:52:17
06:33:40
0.000
Note:
a. At follow-up, 111 children have valid sleep data (nap, nighttime sleep, total sleep duration, sleep variability, bedtime and wakeup time)
b. Tested the change over 12 months using linear mixed models, adjusted for time sequence, clustering effects, baseline age, gender and socio-economic
status. Sleep timing were transformed into minutes for test (e.g. 19:52:41 = 1192.68 min).
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Table 7. 2 Cross-sectional associations between sleep characteristics and z-BMI (n=202)
Models 1a
Sleep characteristics

Models 2b

Models 3c

Estimate (95%CI)

P value

Estimate (95%CI)

P value

Estimate (95%CI)

P value

Total sleep duration (h)

-0.12(-0.23,-0.01)

0.037

-0.12(-0.23,-0.01)

0.038

-0.12(-0.23,-0.01)

0.033

Nap duration (h)

-0.06(-0.35,0.22)

0.667

-0.08(-0.38,0.22)

0.599

-0.08(-0.37,0.22)

0.616

-0.12(-0.23,-0.002)

0.047

-0.12(-0.23, 0.00)

0.050

-0.12(-0.24, 0.00)

0.050

-0.04(-0.27,0.18)

0.704

-0.03(-0.27,0.20)

0.786

-0.03(-0.26,0.20)

0.797

Nighttime sleep duration (h)
Sleep variability (h)
Bedtime
Late
Early

Reference
-0.02(-0.28,0.25)

Reference
0.898

-0.02(-0.29,0.25)

Reference
0.877

-0.02(-0.29,0.25)

0.886

Wakeup time
Late
Early

Reference
0.06(-0.21,0.32)

Reference
0.676

0.05(-0.22,0.32)

Reference
0.724

0.05(-0.22,0.32)

0.723

Abbreviation: CI, confidence interval.
Note:
a. Models 1 were adjusted for clustering effects.
b. Models 2 were adjusted for clustering effects, age, gender and socio-economic status.
c. Models 3 were adjusted for clustering effects, belonging or not to the intervention group, age, gender and socio-economic status.
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Table 7. 3 Prospective associations between sleep characteristics at baseline and z-BMI at 12-mo follow-up (n=153)
Sleep variables

Models 1a

Models 2b

Models 3c

Estimate (95%CI)

P value

Estimate (95%CI)

P value

Estimate (95%CI)

P value

-0.06(-0.20,0.07)

0.367

-0.01(-0.13,0.10)

0.849

-0.01(-0.13,0.10)

0.843

0.34(0.03,0.66)

0.035

0.41(0.14,0.68)

0.003

0.41(0.14,0.68)

0.003

Nighttime sleep duration (h)

-0.13(-0.26,0.01)

0.069

-0.08(-0.20,0.03)

0.157

-0.08(-0.20,0.03)

0.159

Sleep variability (h)

0.07(-0.25,0.39)

0.680

0.07(-0.20,0.34)

0.584

0.08(-0.19,0.35)

0.577

0.234

-0.15(-0.40,0.10)

0.236

0.152

-0.18(-0.44,0.07)

0.154

Total sleep duration (h)
Nap duration (h)

Bedtime
Late
Early

Reference
-0.23(-0.52,0.07)

Reference
0.136

-0.15(-0.40,0.10)

Wakeup time
Late
Early

Reference
-0.17(-0.47,0.12)

Reference
0.252

-0.18(-0.44,0.07)

Abbreviation: CI, confidence interval.
Note:
a. Models 1 were adjusted for clustering effects.
b. Models 2 were adjusted for clustering effects, age, gender, socio-economic status and baseline z-BMI.
c. Models 3 were adjusted for clustering effects, belonging or not to the intervention group, baseline age, gender, socio-economic status and baseline zBMI.
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Table 7.S 1 The potential intervention effects on children’s BMI z-score
z-BMI
Cross-sectional analysis (n=202)

Group
Intervention
Control

Prospective analysis

Intervention

(n=153)

Control

Models 1a
B (95%CI)

Models 2b
p

Reference
0.15 (-0.18,0.49)

p

Reference
0.370

Reference
0.13 (-0.17,0.43)

B (95%CI)
0.16 (-0.17,0.50)

0.328

Reference
0.382

-0.01 (-0.28,0.27)

0.968

Abbreviation: CI, confidence interval.
Note:
c. Models 1 were adjusted for clustering effects.
d. Models 2 were adjusted for clustering effects, baseline age, gender and socio-economic status (in the cross-sectional analysis); adjusted for clustering
effects, baseline age, gender, socio-economic status, and z-BMI at baseline (in the prospective analysis).
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Table 7.S 2 Sensitivity analysis with children in control group
Cross-sectional analysis (n=100)
Models 1
Models 2

Prospective analysis (n=79)
Models 1
Models 2

Sleep characteristics
Estimate (95%CI) p value Estimate (95%CI) p value Estimate (95%CI) p value Estimate (95%CI) p value
Nap duration (h)

-0.31(-0.65,0.04)

0.083

-0.36(-0.73,0.01)

0.055

-0.19(-0.25,0.62)

0.399

0.41(0.02,0.81)

0.040

Nighttime sleep duration (h)

-0.12(-0.29,0.04)

0.135

-0.12(-0.29,0.04)

0.144

-0.16(-0.37,0.06)

0.146

-0.12(-0.30,0.07)

0.211

Total sleep duration (h)

-0.15(-0.29,-0.01)

0.041

-0.15(-0.30,-0.01)

0.041

-0.09 (-0.29,0.10)

0.353

-0.02(-0.19,0.15)

0.782

Sleep variability (h)

-0.15(-0.52,0.23)

0.437

-0.14(-0.54,0.24)

0.452

0.10(-0.35,0.54)

0.666

-0.00(-0.39,0.39)

0.999

Bedtime
Late
Early

Reference
0.17(-0.21,0.54)

Reference
0.385

0.17(-0.22,0.55)

Reference
0.386

-0.23(-0.66,0.21)

Reference
0.308

-0.28(-0.66,0.09)

0.136

Wakeup time
Late
Early

Reference
0.18(-0.19,0.56)

Reference
0.336

0.18(-0.20,0.56)

Reference
0.350

-0.26(-0.70,0.18)

Reference
0.241

-0.36(-0.73,0.02)

0.061

Note:
a. Models 1 were adjusted for clustering effects;
b. Models 2 were adjusted for clustering effects, baseline age, gender and socio-economic effects (in the cross-sectional analysis); adjusted for clustering
effects, baseline age, gender, socio-economic effects and z-BMI at baseline (in the prospective analysis).
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Systematic Review
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Abstract
Objective: This systematic review aimed to summarise correlates of sleep duration in children under
five years of age.
Methods: Six electronic databases (PubMed, PsycINFO, MEDLINE, CINAHL, SPORTDiscus and
Scopus) were searched from inception until May 2019. Observational studies and intervention studies
reporting cross-sectional results from baseline data were considered. Data was extracted using a
predesigned form and potential correlates were categorized following a socialecological framework.
Results: One-hundred and sixteen studies, representing 329,166 children, met the inclusion criteria,
although 62 included studies had a high risk of bias. A total of 83 correlates of sleep duration were
identified, including 18 demographic and biological correlates, 8 psychological, cognitive, and
emotional correlates, 32 behavioural correlates, 14 social and cultural correlates, and 11 physical
environmental correlates. Among the associations studied four or more times, correlates of nap(s)
duration were nighttime sleep onset/bedtime (later) (positive) and child’s age (negative); correlates of
nighttime sleep duration were household income, nighttime sleep duration at younger age, nighttime
sleep onset/bedtime(later) and frequency of current bedtime routine (positive), as well as parental
adiposity level, nighttime sleep onset/bedtime (later) and screen time (negative); correlate of total sleep
duration was screen time (negative).
Conclusions: The correlates of sleep duration are multidimensional. Consistent associations found in
demographic and biological, behavioural, and social and cultural domains can inform future
interventions; yet evidence in psychological, cognitive, and emotional domain, and in physical
environmental domain is less consistent.
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8.1 Introduction
Sleep is a multidimensional concept and one important dimension is the quantity, i.e. sleep duration
(Buysse, 2014). In early years, adequate sleep duration is essential for health, growth and development
(Miller, Lumeng, & LeBourgeois, 2015; Sivertsen et al., 2015; Winkler et al., 2017). Recent evidence
suggests that short total sleep duration in children under five years is associated with higher level of
adiposity, poorer emotional regulation, impaired growth and higher risk of injuries (Chaput et al.,
2017b). Healthy sleep duration in early childhood also incorporates sufficient and balanced nighttime
sleep duration and nap(s) duration (Chaput, et al., 2017b; Jones and Ball, 2013; Thorpe et al., 2015). It
has been suggested that about half of the children take daytime nap(s) at least until the age of three,
while others would continue having nap habits into their preschool years; and around 10% children still
nap at the age of five years (Staton, Smith, & Thorpe, 2015). It has also been suggested that shortened
nighttime sleep duration in young children is associated with higher subsequent adiposity, while short
nap(s) duration is associated with more disruptive behaviours (Bell and Zimmerman, 2010).

Due to the detriments in health, development and growth that are associated with shortened sleep, it is
concerning that there is a secular decline in sleep duration among children (0.76 min/year over the last
century) (Matricciani et al., 2017; Matricciani, Olds, & Petkov, 2012). To address this issue, it is critical
to develop effective interventions to promote adequate sleep duration in childhood, especially in the
first five years of life, when sleep behaviours and patterns are being established (Staton, et al., 2015)
and can track into adolescence (Iglowstein, Jenni, Molinari, & Largo, 2003). This emphasizes the need
to identify modifiable correlates of sleep duration in early childhood. Also, understanding the nonmodifiable correlates (e.g, demographical and biological variables) would be important to identify
certain population segment who are at risk for shorter sleep duration.

A small number of reviews have summarised some specific factors that may influence sleep in early
childhood (Bathory and Tomopoulos, 2017; Sadeh, Tikotzky, & Scher, 2010). Bathory et al.(2017)
suggested that media exposure, parenting factors, geographic locations and cultural differences could
affect several sleep characteristics, including sleep duration, in young children (Bathory and
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Tomopoulos, 2017). However, this narrative systematic review did not use systematic review methods
to examine the correlates of sleep duration. Sadeh et al. (2010) conducted another narrative review and
found that parental personality, psychopathology and related cognitions and emotions could contribute
to parental sleep-related behaviours and ultimately influence infants’ sleep pattern, schedule, duration
and quality of sleep (Sadeh, et al., 2010). This review focused exclusively on infants and did not
examine correlates of sleep duration in toddlers or preschoolers. In addition, neither of these reviews
have separately examined the correlates of different types of sleep durations (i.e., nap(s), nighttime
sleep and total sleep), which may not be the same. Furthermore, social ecological models posit that
health behaviours are influenced by factors at multiple levels (Sallis, Owen, & Fisher, 2015). It appears
that most correlates of sleep duration summarised in previous reviews were social and cultural factors.
However, demographic, psychological, behavioural and environmental factors have also been
associated with sleep duration in young children (Bathory and Tomopoulos, 2017); yet these factors
were not reviewed in previous study. Therefore, a more comprehensive review of the correlates of sleep
duration in early childhood, incorporating multiple domains, is warranted to inform the development of
future interventions.

The purpose of the present study was to systematically review the correlates of nap(s) duration,
nighttime sleep duration, and total sleep duration, in children under the age of five years. In order to
classify the potential correlates, we adapted a socio-ecological framework that has been widely used in
previous systematic reviews studying correlates in public health area, especially in 24-hour movement
behaviours (i.e., physical activity, sedentary behaviour and sleep (Okely et al., 2017; Tremblay et al.,
2017)) (Barnett et al., 2016; Bingham et al., 2016; Bronfenbrenner, 1994; Hinkley, Crawford, Salmon,
Okely, & Hesketh, 2008; Sallis, Prochaska, & Taylor, 2000), with consideration of pediatric sleep
context (Bathory and Tomopoulos, 2017; Mindell and Williamson, 2017; Sadeh, et al., 2010). The
socialecological framework identifies five domains: (i) demographic and biological; (ii) psychological,
cognitive and emotional; (iii) behavioural; (iv) social and cultural; and (v) physical environmental.
Specifically, the demographical and biological correlates of sleep duration are child’s and/or family’s
variables that are unlikely to be modifiable; potential correlates in this domain include but may not be
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limited to child’s age (Ahn, Williamson, Seo, Sadeh, & Mindell, 2016), birth weight (McDonald,
Wardle, Llewellyn, van Jaarsveld, & Fisher, 2014), family socio-economic status (Scharf and DeBoer,
2015) or parental adiposity level (Boswell, Byrne, & Davies, 2018). The psychological, cognitive and
emotional correlates of sleep duration are factors at the intrapersonal level related to psychology,
cognition or emotion; potential correlates in this domain include for example aggression behaviour
(Komada et al., 2011), language development (Iemura et al., 2016) and mood (Mindell and Lee, 2015).
The behavioural correlates of sleep duration are intrapersonal behavioural factors; potential behavioural
correlates include the other sleep characteristics (e.g., bedtime (Hager et al., 2016)), other movement
behaviour (e.g., physical activity) and/or eating behaviours (Boswell, et al., 2018). The social and
cultural correlates of sleep duration are factors at interpersonal or cultural levels associated with sleep
duration; potential correlates in this domain include, for example, sleep related parenting practice (e.g.,
bedtime interaction(Mindell, Li, Sadeh, Kwon, & Goh, 2015)), other parenting practice (e.g.,
breastfeeding (Wang et al., 2016)) or parents’ behaviours and emotions (e.g., parent’s depression
(Boswell, et al., 2018)). The physical environmental correlates of sleep durations are factors at the
physical environmental level associated with sleep duration; potential physical environmental correlates
may include sleep environment (e.g., sleep location (Hager, et al., 2016)) or other environmental
variables (e.g., child care attendance (Chen, 2017)).

8.2 Methods
8.2.1 Protocol and registration
The present systematic review was conducted following the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guidelines (Stewart et al., 2015), and was registered with the
International Prospective Register of Systematic Reviews (identifier:CRD42018085152, at
https://www.crd.york.ac.uk/PROSPERO).

8.2.2 Eligibility criteria
Participants. Apparent healthy children aged from 1 month to 4.99 years were included, and those with
medical conditions or developmental/behavioural condition were excluded.
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Primary outcome. Any correlates of nap(s) duration, nighttime sleep duration, and/or total sleep
duration were included.

Study design. Observational studies (cross-sectional and longitudinal) and intervention studies
reporting cross-sectional results from baseline data were considered, whereas unpublished data were
not considered. Studies reporting intervention results were not considered, nor were reviews, editorials,
commentaries, methods papers and conference proceedings.

Sample size. To maximize generalizability of findings, studies were required to have a minimum sample
size of 100 participants (Carson et al., 2017a; Poitras et al., 2017; Tate et al., 2012).

Language. Eligible studies were limited to publications in the following languages: English, Chinese,
Portuguese, French, Spanish, Polish, Dutch, and German.

8.2.3 Data sources and search strategy
Six electronic databases (PubMed, PsycINFO, MEDLINE, CINAHL, SPORTDiscus and Scopus) were
searched from the inception (there was no limit for the inception date) until May 2019. The search
strategy was presented in Table 8.1. Reference lists of the articles included and relevant reviews were
also checked to identify other relevant studies.

8.2.4 Study selection
Studies retrieved from the search were imported into reference manager software (EndNote X8), where
duplicates were discarded. Three reviewers (ZZ, JP, and ES) independently screened the titles and
abstracts according to the eligibility criteria and then evaluated the full text of the study to determine
its eligibility. An agreement coefficient between the three reviewers was calculated using the Fleiss
Kappa test (a=0.83). Disagreements were resolved by a fourth reviewer (RS). Figure 8.1 presents a
summary of the study selection process.
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8.2.5 Risk of bias assessment
Three reviewers (ZZ, JP, ES) independently assessed the risk of bias in the included studies and any
discrepancy was resolved by discussion with a fourth reviewer (RS). The following criteria adapted
from GRADE (Guyatt et al., 2011) were used for bias appraisal: (i) Did the study specify the eligibility
criteria? (ii) Were the measures of potential correlates and sleep duration valid and reliable for the
participants (e.g., psychometric properties were reported)? (iii) Did the study adequately control for
covariates? (iv) Did the study have an acceptable proportion of participants with completed data
regarding the variables of interest (i.e., at least 70% for cross-sectional studies or 60% for longitudinal
studies)? A value of 1 (yes) or 0 (no or unsure) was assigned to the answer to each of the above
questions, which allowed a maximum possible score of 4 points. A quality score was then assigned to
each study; studies that scored 2 points or less were classified as having a high risk of bias.

8.2.6 Data extraction and synthesis
Data extraction. A descriptive summary of the included studies comprised the following study
characteristics: author, publication years, country/region, study design, sample size, age of participants,
sleep duration, measure of sleep duration, and potential correlates (Table 8.S1). When the included
studies reported various analyses (e.g., univariate and multivariate analyses) regarding the associations
of interest, in line with previous systematic review (Ridgers, Salmon, Parrish, Stanley, & Okely, 2012;
Tonge, Jones, & Okely, 2016), results from the most advanced, fully-adjusted model were extracted in
the present review.

Categorization of potential correlates. Potential correlates of nap(s) duration, nighttime sleep duration,
and total sleep duration were respectively categorized into the socialecological framework.

Coding associations with sleep durations. Associations between potential correlates and sleep duration
were coded as “+” for positive associations and “-” for negative associations; non-significant
associations were recorded in another column.
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Summary codes. A summary code was calculated for each potential correlate, based upon the
percentage of studies and the direction of the association (see Table 8.2). If 0%-33% studies reported
significant positive or negative associations between the potential correlate and sleep duration, the code
was summarised as no association (“0”); if 34%-59% reported significant positive or negative
associations in a consistent direction, the code was summarised as inconsistent (“?”); if 60%-100%
reported a significant association in a consistent direction, the result was coded as “+” for the positive
or “-” for the negative association. When an association was studied four or more times, it was coded
as “++” (consistent positive association), “--” (consistent negative association), “??” (inconsistent
association) or “00” (no association) (Barnett, et al., 2016; Bingham, et al., 2016; Sallis, et al., 2000;
Tonge, et al., 2016).

8.3 Results
8.3.1 Overview of studies
Of the 3,304 articles retrieved, 116 eligible studies were reviewed herein, representing 329,166 children
(Table 8.S1). Most of the studies (72%) were published in the last five years (2015-2019). Around onethird studies were conducted in North American countries/regions (n=38), with the remaining
conducted in European (n=29), Asian (n=24), Oceanian (n=16) and South American (n=5)
countries/regions; four studies were based on data from multiple countries/regions.

Most studies (n=100) examined cross-sectional associations between potential correlates and sleep
duration, including 47 cross-sectional studies, 37 prospective studies reporting cross-sectional data and
6 intervention studies reporting baseline cross-sectional data. Of the remaining prospective studies, 16
reported both cross-sectional and prospective data, and 10 reported only prospective data. Sample sizes
ranged from 100 to 55,831. Around one-third studies (n=36) grouped children of multiple ages, while
the rest focused on relatively restricted age range: 15 studies with infants (1-11 months), 22 with
toddlers (12-35 months) and 45 with preschoolers (36-59 months). Correlates of nap duration, nighttime
sleep duration, and total sleep duration were reported in 34, 80, and 59 studies, respectively. Most
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studies (88%) assessed sleep durations using subjective measures (e.g., questionnaire), with only 14
studies using objective measures (e.g., accelerometry).

8.3.2 Risk of bias
Risk of bias is presented in Table 8.S2. Of the 116 studies, 70 (60.3%) had appropriate eligibility
criteria, 49 (42%) had valid and reliable measures of potential correlates and sleep duration, 75 (65%)
adequately controlled for covariates; 70 (60%) had an acceptable proportion of participants with
completed data regarding the variables of interest. More than half of the studies (53%) had a high risk
of bias.

8.3.3 Correlates of sleep duration in early childhood
The potential correlates examined in the included studies with nap(s) duration, nighttime sleep duration,
and total sleep duration were classified into the socioecological framework (Table 8.S3-S5,
respectively). Table 8.3 presents the correlates of nap(s) duration, nighttime sleep duration, and total
sleep duration identified from current review.

For the demographic and biological domain, we identified three (one positive and two negative)
correlates of nap(s) duration, six (two positive and four negative) correlates of nighttime sleep duration,
and nine (three positive and six negative) correlates of total sleep duration. Of these, three have been
consistently associated with sleep duration (examined more than four times): age (negative correlate of
nap(s) duration); household income (positive correlate of nighttime sleep duration); and parental
adiposity level (negative correlates of nighttime sleep durations).

For the psychological, cognitive and emotional domains, we identified three (positive) correlates of
nap(s) duration, three (two positive and one negative) correlates of nighttime sleep duration, and four
(one positive and three negative) correlates of total sleep duration. However, none of these had been
examined four times or more.
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For the behavioural domain, we identified four (three positive and one negative) correlates of nap(s)
duration, 21 (10 positive and 11 negative) correlates of nighttime sleep duration, and 12 (five positive
and seven negative) correlates of total sleep duration. Of these, four have been consistently associated
with sleep duration: nighttime sleep duration at younger age – referring to children’s previous sleep
duration when they were at younger age (positively associated with nighttime sleep duration), nighttime
sleep onset/bedtime (later) (positively associated with nap(s) duration and negatively associated with
nighttime sleep duration), nighttime sleep wakeup time (positively associated with nighttime sleep
duration) and screen time (negatively associated with total sleep duration).

For the social and cultural domain, there were no correlates of nap(s) duration, 11 (six positive and five
negative) correlates of nighttime sleep duration, and five (two positive and three negative) correlates of
total sleep duration. Of these, only one has been consistently associated with sleep duration: frequency
of current bedtime routine (positively associated with nighttime sleep duration).

For the environmental domain, we identified one (negative) correlates of nap(s) duration, six (two
positive and four negative) correlates of nighttime sleep duration, and four (two positive and two
negative) correlate of total sleep duration. None of these has been consistently associated with sleep
duration.

8.4 Discussion
8.4.1 Summary of the findings
In the current study, we identified seven positive correlates of nap(s) duration, including nighttime sleep
onset/bedtime (later) with consistent associations (examined more than four times), and four negative
correlates of nap(s) duration, including child’s age with consistent associations. There were 22 positive
correlates and 25 negative correlates of nighttime sleep durations; of these, four positive correlates (i.e.,
household income, nighttime sleep duration at younger age, nighttime sleep wakeup time and frequency
of current bedtime routine) and three negative correlates (i.e., parental adiposity level, nighttime sleep
onset/bedtime (later) and screen time) have been consistently associated with nighttime sleep duration.
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Within the 13 positive correlates and 21 negative correlates of total sleep duration identified, only the
negative correlate screen time has been consistently associated with nighttime sleep duration.

In the demographic and biological domain, a few correlates of sleep duration appear to be related to
family variables. For example, household income parental and adiposity level were consistently
associated (have been examined four times) with nighttime sleep duration. It is likely that these family
variables are related to other potential correlates, such as provision of a quality sleep environment and
parenting, which may explain the associations with young children’s sleep duration. Although most of
the family variables cannot be modified, our results indicate that populations having these demographic
backgrounds (e.g., young children from low-income families) are at higher risk for shorter sleep
duration. Therefore, future intervention programs may need to target these populations. Also, the
potential confounding effects of those demographic characteristics should be fully considered in future
research looking at the health effect of sleep duration.

On the other hand, while many children’s biological characteristics examined in the included studies,
such as adiposity level and chronotype, were not associated or inconsistently associated with sleep
duration across studies, age seems to be a consistent negative correlate of nap(s) duration. It is known
that there are developmental trends for sleep duration; in the first five years, sleep progressively
consolidates into nighttime period, along with a reduction in nap(s) duration (Galland, Taylor, Elder, &
Herbison, 2012). Indeed, this reduction was statistically significant in the all of the eight studies
examining this relationship between nap(s) duration and age (Ahn, et al., 2016; Beyens and Nathanson,
2019; Cheung, Bedford, Saez De Urabain, Karmiloff-Smith, & Smith, 2017b; Dionne, et al., 2011;
Horváth and Plunkett, 2016; Kohyama, et al., 2002; Mindell, et al., 2010a; Yu, et al., 2017). However,
in the present review, inconsistent results emerged across studies examining the association between
age and total sleep duration (Chatterjee, et al., 2018; Diethelm, et al., 2011; Ekstedt et al., 2017b;
Hesketh et al., 2017b; Horváth and Plunkett, 2016; Jiang, et al., 2002; Yu, et al., 2017). This could be
due to the narrow age range and the predominate cross-sectional design of these studies. For example,
as previously shown, the reduction in total sleep duration during early childhood seems more
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pronounced in the first six months (from 14.6h to 12.9h on average) than from this age until the age of
five years (from 12.9h to 11.5h on average) (Galland, et al., 2012). Therefore, it may be difficult to
capture the developmental trend in studies with a narrow age range, especially after six months of age
(Ekstedt, et al., 2017b). Furthermore, because of inter-individual variability in total sleep duration
(Jenni, Molinari, Caflisch, & Largo, 2007), its developmental trend with age may not be appropriately
reflected by the observations in cross-sectional studies.

Only a small number of correlates were identified in the psychological, cognitive and emotional
domain, including mood (Mindell and Lee, 2015), emotion compression (Cliff, et al., 2017), discipline
(Iemura, et al., 2016) concept (referring to cognitive ability (Iemura, et al., 2016)), neurobehavioural
development (Iemura, et al., 2016) and approach to new situation (Iemura, et al., 2016)). Although no
consistent association was found, most correlates in this domain were positively associated with sleep
outcomes, indicating that, in general, young children who have better positive psychological, cognitive
and emotional conditions may have longer sleep duration. However, evidence from longitudinal studies
in young children suggested that the potential causal direction of the relationships between sleep
durations and some psychological, cognitive and emotional variables (e.g., language development
(Dionne, et al., 2011), externalizing behaviours (Sivertsen, et al., 2015) or emotional regulation
(Chaput, et al., 2017b)) may be opposite. That is, these variables may be the consequences of poor sleep
duration and not their cause. Moreover, some variables belonging to this domain seems to have
bidirectional relationships with sleep durations in school-aged children and adults (Gregory and Sadeh,
2012; Meijer, Reitz, Deković, Van Den Wittenboer, & Stoel, 2010; Tavernier and Willoughby, 2014).
The mechanism underlying the relationships between psychological, cognitive and emotional variables
and sleep durations could be that the neurobehavioural systems involved in the regulation of sleep
overlap with, and are closely linked to, neural systems involved in the regulation of affect and attention
(Dahl, 1996). However, since most included studies examined the relationship between variables
belonging to this domain and sleep durations were measured using cross-sectional data (Carson, et al.,
2019; Cliff, et al., 2017; Cremone, et al., 2017; Hesketh, et al., 2017a; Iemura, et al., 2016; Jiang, et al.,
2002; Komada, et al., 2011; Sun, et al., 2018), it may not be easy to captured the above mentioned
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complex relationships (if any), which may explain the predominant null or inconclusive associations in
this domain.

Several correlates were categorized into the behavioural domain, including other sleep characteristics
(e.g., nighttime sleep wakeup time (McDonald, et al., 2015; McDonald, et al., 2014; Scharf and DeBoer,
2015)), other movement behaviours (e.g., physical activity and sedentary time (Carson, et al., 2017c)),
eating behaviours (e.g., food fussiness (Boswell, et al., 2018) and fat intake (Kocevska, et al., 2016)).
Of these, four correlates with consistent associations –nighttime sleep duration at younger age (positive
correlates of nighttime sleep duration), nighttime sleep onset/bedtime (later) (positive correlates of nap
duration and negative correlates of nighttime sleep duration), nighttime sleep wakeup time (later)
(positive correlates of nighttime sleep duration) and screen time (negative correlates of total sleep
duration)– were identified. Intriguingly, nighttime sleep duration at younger age is a correlate of current
nighttime sleep duration and these associations were particularly evident in children aged up to 3 years
of life (Dionne, et al., 2011; Hysing, et al., 2014; Klackenberg, 1968; Plancoulaine, et al., 2017). This
could be seen as indirect evidence of tracking of nighttime sleep durations, supporting previous
evidence of the trajectories in the early years (Iglowstein, et al., 2003; Jenni, et al., 2007; Touchette et
al., 2013) and eventually track into adolescence (Iglowstein, et al., 2003), reinforcing the need to
promote healthy nighttime sleep duration at an early age (e.g. infancy).

Later nighttime sleep onset or bedtime has been consistently associated with shorter nighttime sleep
duration in all of the 12 studies reporting these associations (Cheung, et al., 2017a; Cremone, et al.,
2017; Hager, et al., 2016; Kitamura, et al., 2015; Kohyama, 2007; McDonald, et al., 2015; McDonald,
et al., 2014; Mindell and Lee, 2015; Mindell, et al., 2009; Scharf and DeBoer, 2015; Williams, et al.,
2014; Zhang, et al., 2019). This might be explained by children’s relatively fixed wakeup time due to
daily routines (Williams, et al., 2014), such as attending early child education and care (ECEC) centers
or parents’ work. Even if there is no requirement to have scheduled wakeup time, young children with
later bedtimes may still sleep less at night, as the underlying mechanism is related to circadian phase
(Crowley et al., 2014). Experimental evidence in adults has suggested that late bedtime could delay
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melatonin rhythm, which could, in turn, lead to shorter nighttime sleep duration (Burgess and Eastman,
2004). This pathway could also be feasible for young children, given recent evidence in preschoolers
suggested that 37% of the variance in their melatonin rhythm was explained by bedtime (Akacem,
Wright Jr, & LeBourgeois, 2016). At the same time, we found that later bedtime has been consistently
associated with longer nap(s) duration (Kitamura, et al., 2015; Kohyama, et al., 2002; Mindell, et al.,
2010a; Zhang, et al., 2019), which may lead to a negative loop, involving reduced sleep pressure due
to increased nap(s) duration that may be associated with later bedtime (Kitamura, et al., 2015).
Furthermore, the prolonged nap(s) duration may not compensate total sleep loss: as shown in our results,
later bedtime has been associated with shorter total sleep duration in the two included studies (Iemura,
et al., 2016; Kohyama, et al., 2002). These findings underscore the importance of encouraging earlier
bedtime in young children. However, more research is needed to clearly understand the potential role
of nap in the relationship between bedtime and sleep duration.

Screen time was identified as a negative correlate of total sleep duration in the current review, which is
consistent with previous evidence in school-aged children and adolescents (Hale and Guan, 2015). In
addition, the timing of screen exposure could be an important consideration. One included study
suggested that evening screen time, compared to morning screen time, could more likely reduce
nighttime sleep duration in toddlers (McDonald, et al., 2014) and was associated with longer nap
duration (Beyens and Nathanson, 2019). The underlying mechanism could be that evening electric light
exposure suppresses melatonin secretion, which, in turn, affects sleep duration (Akacem, Wright, &
LeBourgeois, 2018; Chang, Aeschbach, Duffy, & Czeisler, 2015; Green, Cohen-Zion, Haim, & Dagan,
2017).

The social and cultural correlates identified in the current review highlight the importance of parental
influence on young children’s sleep duration. Indeed, most potential correlates identified in this domain
are belonging to parental sleep-related parenting practices (e.g., language-base bedtime routine), other
parenting practices (e.g., positive mealtime climate associated with the family mealtime routine), and
parental emotion and behaviour (e.g., parental stress and parental nighttime sleep duration). Among
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these, bedtime routine (i.e., the predictable activities, such as parent-child reading, playing with toys,
watching television or brushing teeth, that occur in around the hour before the child falls asleep (Mindell
and Williamson, 2017)) seems to have beneficial effects on nighttime sleep duration. Specifically, our
results suggest that a more frequent bedtime routine is associated with longer nighttime sleep duration
in young children (Mindell, et al., 2015; Mindell, et al., 2009; Mindell, et al., 2010a; Yang, et al., 2017),
with a dose-response relationship emerged(Mindell, et al., 2015; Yang, et al., 2017). Also, children who
had bedtime routines in both infancy and in preschool period slept significantly longer than those
without bedtime routine in either infancy or preschool-period, indicating a potential benefit of
establishing a bedtime routine throughout early childhood (Mindell, et al., 2015). One possible
explanation for the potential benefits of bedtime routine could be a reduced bedtime stress and arousal
level that affects nighttime sleep duration (Mindell, et al., 2015). Additionally, a regular bedtime routine
may reflect a family priority for sleep and positive sleep-related parenting practice, and as a result, their
children are more likely to have healthy sleep durations (Mindell, et al., 2015; Mindell, et al., 2009). In
this light, a regular bedtime routine, especially a language-based bedtime routine (e.g., reading a book
or singing a song with a parent) (Hale, et al., 2011; Mindell, et al., 2009), is recommended in family
sleep-related practices.

Finally, only a few physical environmental correlates were identified, mostly due to the limited number
of variables examined in this domain with sleep duration. In regard to sleep environment, we found that
the sleeping arrangement that discourages young children to fall asleep independently and to develop
self-soothing capacity (Sadeh, et al., 2010) (e.g., sharing bed with parent or sibling versus sleeping on
own bed (Hager, et al., 2016; Hysing, et al., 2014)) is associated with shorter nighttime sleep duration.
Having bedroom television is also associated with less total sleep duration. As for other environmental
variables, only few built environmental variables (e.g., urbanicity (Bottino, et al., 2012; Koch, et al.,
1984)), household chaos (Khatiwada, et al., 2018; Klackenberg, 1968; Whitesell, et al., 2018), childcare
attendance (Nevarez, et al., 2010) and seasonal differences (Koch, et al., 1984) were examined in the
associations with sleep duration, despite that sleep duration in early childhood seems to be largely
influenced by environmental cues (Touchette, et al., 2013). More research is warranted to examine a
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broader range of environmental variables as potential correlates.

8.4.2 Future Research Directions
In general, strong empirical evidence in this area is still needed to fully understand the correlates of
sleep duration. For many potential correlates identified in this review, the associations with sleep
duration were examined in only few studies, making replications in future studies an important direction
for further research. A focus on a restricted age range is also recommended for future studies, as it is
known that sleep duration evolves during early childhood. Almost all the included studies were
conducted in high- or middle-income countries, whereas studies in lower-income countries are
warranted. Given the diversity of the correlates identified, as well as the diversity of the
countries/regions where the studies were conducted, there was not enough information to conduct crossculture comparison. Additionally, in the majority of the included studies, sleep duration was assessed
using subjective measures (e.g., questionnaires, sleep diary, parental recalls) whereby parental bias may
contribute to the inconsistency across studies. In order to reduce such bias and increase comparability,
future studies are recommended to assess sleep durations using objective measures, such as
accelerometry.

It should be also noted that sleep duration is multifactorial and its correlates may be interrelated in
complex ways. For example, sleep environment has been associated with socio-economic disparities
that affect sleep duration in school-aged children (Bagley, Kelly, Buckhalt, & El-Sheikh, 2015;
Sheehan, Powers, Margerison-Zilko, McDevitt, & Cubbin, 2018). Likewise, parenting practices are
likely to vary across ethnic groups (Bathory and Tomopoulos, 2017; Sadeh, et al., 2010; Tikotzky,
2017), countries (Mindell, et al., 2010b) and family socio-economic level (Rea, Smith, & Taveras, 2016;
Sadeh, et al., 2010; Tikotzky, 2017) and may influence children’s behavioural problems (Braza et al.,
2015; Calzada, Barajas-Gonzalez, Huang, & Brotman, 2017). In addition, sleep duration and some
correlates (e.g., parental depression and children’s externalizing behaviours) may be bi-directionally
associated with each other (Gross, Shaw, & Moilanen, 2008; Shaffer, Lindhiem, Kolko, & Trentacosta,
2013). Therefore, it is important to adequately adjust for confounding factors and to consider mediating
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and moderating factors in future studies looking into correlates of sleep duration.

The complex relationships between sleep duration and its potential correlates warrant more
sophisticated research design and statistical methods. For example, many associations identified in the
present review are cross-sectional, whereby the directions cannot be determined. However,
bidirectional relationships between few potential correlates (e.g., children’s externalizing behaviours
(Gregory and Sadeh, 2012), mood (Kahn, Sheppes, & Sadeh, 2013), screen time (Magee, et al., 2014),
or physical activity (Vincent et al., 2016) ) and sleep duration have been reported in school-aged
children and adolescents. In order to untangle the directions of these associations in early childhood,
future studies with longitudinal and experimental designs are needed. Additionally, some potential
correlates may have temporal relationships with sleep duration, such as nighttime sleep duration and
nap(s) duration (Jakubowski, Hall, Lee, & Matthews, 2017), physical activity and total sleep duration
(Vincent, et al., 2016). In these cases, the potential associations in observation are likely to be “diluted”
when analyzing averaged values, due to the daily variability in sleep duration in young children.
Therefore, using temporal analyses (e.g., daily-level statistics) may be more appropriated to understand
the associations.

Studies on the correlates of nap(s) duration are relatively scarce, although nap is an important part of
sleep in early childhood (Bathory and Tomopoulos, 2017; Thorpe, et al., 2015). Of note, the possible
influence of ECEC centers, where a number of children are likely to nap (Staton, et al., 2015), has
receive less empirical attention. The associations between nap(s) duration and the characteristics of
ECEC settings, such as educators’ affects, nap-related practice and policies, and napping room
environment, may need to be examined in future research.

Although some child’s biological variables (e.g., adiposity level, gestational age, and birth weight) were
studied as potential correlates of sleep durations, none of the included studies has examined genetic
factors as potential correlates. Whereas environment could impact sleep duration, evidence from animal
experiments suggests that genetic regulation also plays an integrated role (Sehgal and Mignot, 2011).
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Though it is unlikely to modify genetic factors, a further understanding of the genetic effects on sleep
duration in early childhood may help future intervention studies targeting susceptible subgroups of the
population.

Lastly, although understanding correlates of continuous sleep data is helpful, it should be noted that
healthy sleep duration is likely to be within certain ranges. According to the recent Australian and
Canadian 24-hour Movement Guidelines for the Early Years (Okely, et al., 2017; Tremblay, et al.,
2017), the ideal total sleep duration for infant (<1 years) is 14 to 17 hours (0-3 months) and 12 to 16
hours (4-11months), for toddlers (1-2 years) is 11 to 14 hours, and for toddlers (3-5 years) is 10 to 13
hours. In order to promote sleep duration linked with optimal health, development and growth outcomes
in young children, a shift to investigate the potential correlates of meeting the sleep recommendations
is necessary in future research.

8.4.3 Strengths and limitations
To the author’s knowledge, this is the most comprehensive systematic review on the correlates of sleep
duration in early childhood conducted so far. Several potential correlates of sleep duration were
categorized following a socialecological framework, which provide a clear organization of the
reporting. Distinguishing correlates of nap duration, nighttime sleep duration, and total sleep duration
could also present a more detailed picture of the literature as well as inform relevant interventions and
practices. However, our study is not without limitation. First, the heterogeneity across studies and the
lack of multiple studies for most outcomes precluded a meta-analysis being conducted. Second,
although we extracted the results from the most advanced, fully-adjusted model whenever possible, it
should be noted that 35% included studies only reported the associations between sleep duration and its
correlates from unadjusted models. Since the significance of the associations tend to be affected by
covariates, due to the multi-factorial nature of sleep duration, these correlates identified may need to be
interpreted with cautious. Finally, we were unable to further report the correlates of sleep duration by
developmental stage (e.g., in infants and in children aged 2 to 5 years), as there were only 15 studies
with only infant samples and a number of the studies did not separate the age groups when examining
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the correlates.

8.5 Conclusion
In summary, this systematic review identified 11 correlates of nap(s) duration, 47 correlates of
nighttime sleep duration, and 34 correlates of total sleep duration in early childhood, which are
multidimensional in the socialecological framework. Although demographic and biological correlates
are not modifiable, vulnerable populations for inadequate sleep may need to be prioritized in
interventions. The correlates identified in the behavioural domain suggest that encouraging earlier
bedtime and limiting screen time could be an effective strategy for promoting recommended levels of
sleep duration in early childhood. From a social and cultural perspective, parents play a critical role and
have opportunities to support young children’s healthy sleep. However, there was an absence of
consistent evidence in psychological, cognitive, and emotional domain as well as in physical
environmental domain.
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Identification
Screening
Eligibility

Included

•
•
•
•
•
•

Records identified through
database searching
(n =3,304)
PubMed:383
MedLine:1,077
PsycINFO:473
CINAHL:316
SportDiscuss:111
Scopus:944

Additional records identified
through other sources
(i.e. reference lists)
(n = 8)

Records after duplicates removed
(n = 1790)

Records screened
(n =2,383)

Records excluded
(n = 1705)

Full-text articles assessed
for eligibility
(n = 123)

Full-text articles excluded,
with reasons (n = 7 )
• Could not source full
text (n=5)
• No assessment of the
association (n=2)

Studies included in
qualitative synthesis
(n =116)

Figure 8. 1 Flow diagram of studies selection process
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Table 8. 1 Search strategy

S1

“Sleep” OR “sleeping duration” OR “time in bed” OR “night rest” OR “nap” OR “naps” OR “napping”

S2

“Apnea” OR “apnoea” OR “disease*” OR “disorder*” OR “breathing” OR“” OR “symptoms” OR “death” OR “position*” OR “epilep*” OR
“narcolep*” OR “tonsil*”

S3

“Correlat*” OR “determinate*” OR “influencing factor*” OR “predictor*” OR “association*”

S4

“Child*” OR “newborn” OR “infant*” OR “toddler*” OR “preschool*” OR “pre-schooler*” OR “p?ediatric”

S5

(S1 NOT S2) AND S3 AND S4
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Table 8. 2 Summary code for each potential correlate
Studies reporting associations (%)

Summary code

Explanation of code

0-33

0

No association

34-59

?

Inconsistent association

+

Positive association

-

Negative association

60-100
Note: When an association was studied four or more times, it was coded as “++” (consistent positive
association), “--“ (consistent negative association), “??” (inconsistent association) or “00” (no
association).
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Table 8. 3 Correlates of nap(s) duration, nighttime sleep duration and total sleep duration
Correlates
1.Demographic and biological
(1) Child variables
Age
Race/ethnicity (as non-Hispanic White)
Race/ethnicity (as Chinese minor ethnicity)
Country/region (predominantly Caucasian vs. Asian)
Head circumference
Bone mineral content
General health level (excellent vs. good/fair)
Starting age of continuous nighttime sleep
Prenatal and early postnatal lateral ventricle size
(2) Family variables
Household income
Parental health literacy level
Parental occupation (as famer vs. others)
Parental marital status (single)
Parental adiposity level
Maternal delivery age
Maternal pregnancy age
Maternal antenatal depression
Immigrating mother born outside the US
2. Psychological, cognitive and emotional
Bedtime mood (better)
Morning mood (better)
Daytime mood (better)
Neurobehavioural development (atypical vs. typical)
Emotion compression
Approach to new situation
Discipline (development of self-control)
Concept (cognitive abilities)
3.Behavioural
(1) Other sleep characteristics
Nap(s) duration at younger age
Nighttime sleep duration at younger age

Nap(s)
duration

Nighttime sleep
duration

Total sleep
duration

-+

+

+
+
+

++
-+
+
+

+
+
+
-

+
++
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Total sleep duration at younger age
Nighttime sleep onset/bedtime (later)
Nighttime sleep wakeup time (later)
Numbers of nighttime sleep awaking
Nighttime sleep latency (longer)
Nighttime sleep efficiency
(2) Other movement behaviours
Light physical activity
Sedentary time
Screen time
Evening screen time
Sneaky social media use
(3) Eating behaviours
Food fussiness
Eating in the absence of hunger
Nocturnal meal (at around age one)
Early introduction (<4 months) to complementary foods (excluding baby cereals)
Appetite (better)
Diet pattern of breastfed low variety (vs. breastfed fruit and vegetable)
Diet pattern of formula-fed fruit and vegetables (vs. breastfed fruit and vegetable)
Diet pattern of breads and spread (high energy-adjusted intake of bread, peanut butter and other nuts,
spreads with fat, and breakfast pastry intake and low intake of fruit)
Fruit and vegetable intake
Fat intake
Total energy intake
Protein intake
Carbohydrate intake
Carbohydrate from high glycemic index food
Animal protein at the expense of plant protein
Plant protein at the expense of animal protein
Saturated fat at the expense of unsaturated fat
Tryptophan intake
Glycemic load
4. Social and cultural
(1) Sleep related parenting practice
Frequency of current bedtime routine
Having current and past bedtime routine
Language-based bedtime routine
Breastfeeding practice with resume sleep following night waking (both nursing and bottle-fed)

++

-++
-

+
-

--

+
+
+
+
+
-

+
+
+
+
+
+

++
+
+
+

+
+
-

+
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Breastfeeding practice with resume sleep following night waking (nursing only vs. bottle-fed)
(2) Other parenting practice
Positive mealtime climate associated with the family mealtime routine
(3) Parents’ emotion and behavior
Parent stress
Parent depression
Parent anxiety
Parental nighttime sleep duration
Parental bedtime (late)
Parental wakeup time (late)
(4) Other social and cultural variables
Sibling conflict
Peer acceptance
5. Physical environmental
(1) Sleep environment
Sleeping arrangement (in bed with parent or siblings vs. in own bed)
Sleep in crib (vs. on bed)
Bedroom television
(2) Other environmental variables
Living in urban area
Urbanicity
Numbers of televisions at home
Childcare attendance
Time spent in child care (non-relative care)
Weekend (vs. weekday)
Season (summer)
Season (autumn vs. winter and spring)
+, positive association; ++, positive association for 4 or more times; -, negative association; --, negative association for 4 or more times;

+
+
-

-

+
+
+
+
+
-
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Table 8.S 1 Summary of the findings of the included studies
Referen
ce No.
#1

Author &
year
(Ahn, et al.,
2016)

Country/regi
on
South Korea

Study
design
Crosssectional

Sample size

Age

Sleep duration

n=1032 (50.8%boys)

0-36 months

Mean value
-Nap: 2.47h/d;
-Nighttime sleep:
9.42h/d

#3

(Baird, et
al., 2016)

UK

Crosssectional
data from
a
longitudin
al study

n=587 (51.4%boys)

3 years

Mean value:
Total sleep:
11.4±0.7h/d in boys,
11.5±0.9h/d in girls;
Nighttime sleep:
11.1±0.7h/d in boys,
11.2±0.9h/d in girls.

#6

(Boswell, et
al., 2018)

Australia

Crosssectional

n=977(49.4%boys)

2.0-5.0 years

Median value:
Nap:0.14(IQR:0.000.57) h/d in boys,
0.00(IQR:0.00-0.43)
h/d in girls
Mean value
-Nighttime sleep:
10.67±1.11h/d

Assessment of
sleep duration
BISQ

Potential correlates of
nighttime sleep
-Child's age;
-Child's sex;
-Child's birth order (oldest
child/middle child/youngest
child/a multiple/only child);
-Responding parent's
education1 (college
education, college degree/
or post-graduate degree/
high school degree or less/
other);
-Responding parent's
employment2
(employed/at-home parent,
student status,
unemployment, other);
-Responding parent's age2
(<24/25-30/31-34/3539/≥40)
-Parental behavior at sleep
initiation
-Parental behavior at sleep
resumption
-Sleep arrangement (roomsharing, bed-sharing, own
room)

Potential correlates of
total sleep
N/A

Maternal report

Potential correlates
of nap
-Child's age;
-Child's sex;
-Child's birth order
(oldest child/middle
child/youngest
child/a multiple/only
child);
-Responding
parent's education2
(college education,
college degree/ or
post-graduate
degree/ high school
degree or less/
other);
-Responding
parent's
employment1
(employed/at-home
parent, student
status,
unemployment,
other);
-Responding
parent's age2
(<24/25-30/3134/35-39/≥40)
-Parental behavior at
sleep initiation
-Parental behavior at
sleep resumption
-Sleep arrangement
(room-sharing, bedsharing, own room)
-Sex

-Sex

-Sex

Parental report

N/A

-Income (low/middle/high)
Child BMI z-score
-Single parent (yes/no)
-Parent stress
-Parent depression

N/A
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#9

(Carson,
Tremblay,
& Chastin,
2017b)

Canada

Crosssectional

n=552(50.8%)

3.5±0.03 years

Mean value
-Total sleep:
701.7min/d (48.7% of
24-h)

Actical
accelerometers

N/A

-Parent anxiety
-Parent BMI
(underweight/normal
weight/overweight)
-Breast feeding (<6months;
≥6months)
-Enjoyment of food
-Food fussiness
-Food responsiveness
-Slowness in eating
-Satiety responsiveness
N/A

#11

(Chaput, et
al., 2017a)

Canada

Crosssectional

n=803(49.8%boys)

3.5 (95%CI: 3.5-3.6)
years

Mean value
-Total sleep:
10.6 (95%CI:10.5-10.8)
h/d

Proxy report
(parents/guardia
ns)

N/A

N/A

BISQ

-Sex;
-Age;
-Maternal education;
-TV exposure;
-Tablet use;
-Nighttime sleep
duration;
-Sleep onset;
-Average number
of awaking
N/A

-Sex;
-Age;
-Maternal education;
-TV exposure;
-Tablet use;
-Nap(s) duration;
-Sleep onset;
-Average number of
awaking

N/A

N/A

-Sex;
-Social-cognitive
development: (1) emotion
compression; (2) theory of
mind.

N/A

-Household income;
-Negative affect1;
-Externalizing behaviours1;
-Aggressive behaviours;
-Attention problems;
-Internalizing behaviours1;
-Emotional reactivity;
-Anxiety/depression;

N/A

#13

(Cheung, et
al., 2017a)

UK

Crosssectional

n=715(53.01%boys);
(Nighttime sleep: n=554;
Nap: n=552)

19.52±8.26 months

#14

(Cliff, et al.,
2017)

Australia

Crosssectional

n=248(56.9%boys)

4.2±0.6 years

#16

(Cremone,
et al., 2017)

US

Crosssectional

n=117(50.4%boys)

52.44±9.49 months

Categorical value
-Total sleep:
Meeting guideline: 1013h/d;
Not meeting guideline:
<10h/d or >13h/d
Mean value
-Nap:
108.29±51.15min/d
-Nighttime sleep:
645.16±58.66min/d

Mean value
-Total sleep:
10.5±1.0h/d
Categorical value
-Total sleep:
Meeting the guideline:
10-13h/d;
Not meeting the
guideline: <10h/d or
>13h/d.
Mean value of the
whole sample was not
reported

Parental report

Sleep diary (by
caregivers)

-Sedentary time
-Light physical activity
-Moderate-to-vigorous
physical activity
-BMI z-score
-Waist circumference
-Sex
-Weight status
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#19

(Doi, et al.,
2015)

Japan

Crosssectional

n=654(52.3%boys)

4.67±0.64 years

Median value
-Nighttime sleep:
Morning type:
9.75(IQR:8.6210.88)h/d
Neither type:
9.42(IQR:8.2910.55)h/d
Evening type:
9.00(IQR:7.8710.13)h/d

-Withdrawn;
-Somatic complaints;
-Sleep onset time;
-Sleep midpoint
-Chronotype (morning
type, neither type and
evening type)

-Chronotype (morning
type, neither type and
evening type)

CCTQ

N/A

CCTQ

N/A

-Chronotype (morning
type, neither type and
evening type)

-Chronotype (morning
type, neither type and
evening type)

Actigraph
GT3X+

N/A

-Physical activity (total
days achieving >=60

N/A

-Time in bed:
Morning type:
10.00(IQR:9.0011.00)h/d
Neither type:
10.00(IQR:8.7511.25)h/d
Evening type:
9.50(IQR:8.3310.67)h/d

#20

(Doi, et al.,
2016)

Japan

Crosssectional

n=7826 (50.7%boys)

3-5 years

-24h time in bed:
Morning type:
10.50(IQR:9.5011.50)h/d
Neither type:
10.00(IQR:9.5011.50)h/d
Evening type:
10.75(IQR:9.4212.08)h/d
Mean value
-Nighttime sleep:
Weekdays:
9.49±0.02h/d;
Weekends:
9.70±0.02h/d.
-Time in bed:
Weekdays:9.93±0.02h/
d
Weekends:10.24±0.01h
/d

#22

(Duraccio
and Jensen,

US

Crosssectional

n=131 (56.5%boys)

4.91±0.48 years

-24h time in bed:
Weekdays:10.55±0.02h
/d
Weekends:10.59±0.01h
/d
Mean value:
-Nightime sleep
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2017)

9.88±0.52h/d
Categorical value
-Nighttime sleep
Sufficient sleep: ≥ 10h
Insufficient sleep:<10h

#25

(Hager, et
al., 2016)

US

Crosssectional

n=240 (55%boys)

20.2 months

Mean value
-Nap: 2.6 (range:0-7.4)
h/d

BISQ

-Nighttime sleep
duration

Mean value
-Nap: 1.8±0.7h/d
-Nighttime
sleep:9.4±0.9h/d
Mean value
-Nap: 84min/d
-Nighttime sleep:
667min/d

Parental report

-Bedtime (before
9pm/9-9:29pm/9:309:59pm/after10pm)

Parental report

Mean value
-Nap: 1.7±0.6h/d

Nap: MiniMitter

-Nighttime
duration;
-Living area
(rural/town)
-School term (1st
term: Oct-Dec/2nd
term: Jan-Mar/3rd
term: Apr-Jun);
School day (yes/no);
-Age;
-Physical activity

-Nighttime sleep: 9.1
(range:5.5-13.0) h/d

#34

(Kitamura,
et al., 2015)

Japan

Crosssectional

n=425 (48.0%boys)

24.1 months

#38

(Koch, et
al., 1984)

France

Crosssectional

n=107 (the percentage of
boys was not reported)

2.5-4.5 months

#39

(Kohyama,
2007)

Japan

Crosssectional

n=204(50.5%boys)

22.6 months

minutes);
-Vigorous activity (total
days achieving >= 20
minutes);
-Sedentary time (total days
engaging more sedentary
behavior);
-Nap(s) duration;
-Child's age;
-Child's gender;
-Child's race/ethnicity
(black/white/other);
-Child's MVPA;
-Child's physical activity
(activity counts);
-Child's diet quality;
-Child's diet energy;
-Child's weight-for-length
z-score (healthy/obese);
-Mother's age;
-Mother's marital status
(married/not married);
-Mother's employment
status
(unemployed/employed);
-Poverty (below/above
poverty threshold);
-Recruitment location
(urban/suburban);
-Sleeping arrangements(in bed with parent or
sibling/in own bed)
-Sleeping location(in
parents' room/not in parents'
room)
-Sleep onset time(9 pm or
later/before 9 pm)
Latency(>1h/≤1h)
-Night awaking(>1/ ≤1)
-Sleep problems(small to
very serious problem/not a
problem)
-Bedtime (before 9pm/99:29pm/9:309:59pm/after10pm)

N/A

-Nap;
-Living area (rural/town)
-School term (1st term:
Oct-Dec/2nd term: JanMar/3rd term: Apr-Jun);
-School day (yes/no);

-Living area (rural/town)

-Age;
-Physical activity

N/A
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-Nighttime
sleep:9.9±0.8h/d
#40

(Kohyama,
et al., 2002)

Japan

Crosssectional

n=1105 (the percentage of
boys was not reported);
regular nap-takers: n=373;
Non-nap takers: n=148

38.8 months

Mean value
-Nighttime sleep:
10±0.9h/d

#41

(Komada, et
al., 2011)

Japan

Crosssectional

n=1746 (56.9%boys)
2-3 years: n=905;
4-5 years: n=841

2-5 years

Mean value
-Nighttime sleep
Weekdays:
9.42±0.77h/d in 2-3
years and 9.32±0.65h/d
in 4-5 years;
Weekends:
9.72±0.76h/d in 2-3
years and 9.58±.0.75h/d
in 4-5 years

Actiwatch
Nighttime
sleep: parental
report
Parental report

Parental report

-Sleep onset
(<9pm/9-10pm/1011pm/≥11pm);
-Season
(autumn/winter/spri
ng)
N/A

Parental report

BMI z-score

Parental report

N/A

BISQ

-Bedtime mood;
-Morning mood;
-Daytime mood

BISQ

N/A

Categorical value
-Nighttime sleep
2-3 years: ≤9.5h - short
sleep group; >9.5h long sleep group.
4-5 years: ≤9.3h - short
sleep group; >9.3h long sleep group.

#42

(Kuzik and
Carson,
2016)

Canada

Crosssectional

n=100 (53.0%boys)

38.5 months

#43

(Louzada,
et al., 2012)

Brazil

Crosssectional

n=348 (56.3%boys)

3-4 years

#48

(Mindell
and Lee,
2015)

Brazil

Crosssectional

n=1351 (53.3%boys)

7.4±2.89 months

#49

(Mindell, et
al., 2015)

International

Crosssectional

n=10085 (49.6%boys)

0-5 years

Mean value
-Nap: 1.2±0.9h/d
-Nighttime sleep:
10.3±1.0h/d
Mean value
-Nighttime sleep:
10.1±1.3h/d
Mean value
-Nap
2.89±1.45h/d
Nighttime sleep
9.08±1.67h/night
Mean value of the
whole sample was not
reported

-Sleep onset (<9pm/910pm/10-11pm/≥11pm);
-Season
(autumn/winter/spring)

-Sleep onset (<9pm/910pm/10-11pm/≥11pm);

-Behavioural problems
(attention
problems/aggressive
behaviour/anxious or
depressed);
-Maternal bedtime
(early/late);
-Maternal wakeup time
(early/late);
-Maternal PSQI score
(<6/≥6);
-Maternal care score of
PBI(≥42/<42);
-Maternal overprotection
score of PBI(<24/≥24);
-Maternal time to leave
home(early/late);
-Maternal time to return
home(early/late);
-Paternal time to leave
home(early/late);
-Paternal time to return
home(early/late).
-BMI z-score

N/A

-BMI z-score;
-Waist circumference;
-Skinfold thickness
-Bedtime mood;
-Morning mood;
-Daytime mood

N/A

-Frequency of current
bedtime routine (never/1-2
times per week/3-4 times
per week/5-6 times per
week/every night);
-Current and past
bedtime routine (no
bedtime routine infancy and
no bedtime routine in
preschool/having bedtime
routine infancy and no
bedtime routine in

-Frequency of current
bedtime routine (never/12 times per week/3-4 times
per week/5-6 times per
week/every night);
-Current and past
bedtime routine (no
bedtime routine infancy
and no bedtime routine in
preschool/having bedtime
routine infancy and no
bedtime routine in

N/A

N/A
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#50

(Mindell, et
al., 2009)

US

Crosssectional

Infants: n=210 (the
percentage of boys was not
reported);
Toddlers: n=239 (the
percentage of boys was not
reported

Infant group: 0-11
months;
Toddlers group:12-35
months

Mean value:
-Nighttime sleep
Infant: 9.0±2.1h/d;
Toddler: 9.8±1.7h/d

Parental report

N/A

#51

(Mindell, et
al., 2010a)

International

Crosssectional

n=29278 (48%boys)

0-36 months

Mean value of the
whole sample was not
reported

BISQ

#55

(Ramamurt
hy, et al.,
2012)

Asia-Pacific
region

Crosssectional

n=10321 (the percentage of
boys was not reported)

0-11 months

Mean value of the
whole sample was not
reported

BISQ

#56

(Randler
and Truc,
2014)

Germany

Crosssectional

n=199 (45.7%boys)

4.45±0.92 years

Mean value
-Nighttime sleep
10.93±0.02h/d

Parental report

Child variables:
-Age;
-Sex;
-Birth order
Parent variables:
-Age;
-Education level;
-Employment status;
-Sleep arrangement:
-Bedtime;
-Fall asleep
independently at
bedtime;
-Consistent bedtime
routine;
-Sleep location (bedshare/roomshare/separate room)
-Breastfeeding
status (currently/not
currently);
-Breastfeeding
practice with
resume sleep
following night
waking (no nursing
or bottle-feeding/
bottle-feeding only/
nursing only/
nursing and bottle
feeding)
N/A

preschool/no bedtime
routine infancy and having
bedtime routine in
preschool/having bedtime
routine infancy and having
bedtime routine in
preschool)
Infants:
-Child age;
-No bedtime routine;
-Late bedtime;
-In crib/bed asleep;
-Parent present at
bedtime;
-No reading at bedtime.
Toddler:
-Parent age;
-No bedtime routine;
-Late bedtime;
-In crib/bed asleep;
-Parent present at
bedtime;
-TV in bedroom
Child variables:
-Age;
-Sex;
-Birth order
Parent variables:
-Age;
-Education level;
-Employment status;
-Sleep arrangement:
-Bedtime;
-Fall asleep independently
at bedtime;
-Consistent bedtime
routine;
-Sleep location (bedshare/room-share/separate
room)

preschool/no bedtime
routine infancy and having
bedtime routine in
preschool/having bedtime
routine infancy and having
bedtime routine in
preschool)
N/A

-Breastfeeding status
(currently/not currently);
-Breastfeeding practice with
resume sleep following
night waking (no nursing or
bottle-feeding/ bottlefeeding only/ nursing only/
nursing and bottle feeding)

-Breastfeeding status
(currently/not currently);
-Breastfeeding practice
with resume sleep
following night waking (no
nursing or bottle-feeding/
bottle-feeding only/ nursing
only/ nursing and bottle
feeding)

-Composite scale of
morningness score;
-Midpoint of sleep

N/A

N/A
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#61

(Sijtsma, et
al., 2015)

The
Netherlands

#64

(Vézina-Im,
et al., 2017)

US

#66

(Watanabe,
et al., 2011)

#68

(Wilson, et
al., 2014)

Crosssectional
data from
a
longitudin
al study
Crosssectional

n=759 (53%boys)

3-4 years

Mean value
-Nighttime sleep
701±30min/d

Parental report

N/A

n=228 (49.1%boys)

53.7±8.5 months

Children's Sleep
Habits
Questionnaire

N/A

-Ethnicity;
-BMI z-score;

N/A

Japan

Crosssectional

n=1765 (51.6%boys)

4.2±0.9 years

Parental report

N/A

Crosssectional

n=133 (48%boys)

4.1±0.5 years

Parental report

-Nighttime sleep
duration

BISQ

Child demographic
variables:
-Age;
-Sex;
-Birth order;
Parental
demographic
variables: -Age;
-Education level;
-Employment
status;
Parental
involvement at sleep
initiation:
-Feeding method;
-Rocking/holding;
-Watching TV
-Sleep location
Parental
involvement at sleep
resumption
-Holding/rocking to
sleep;
-Picking upreturning awake

-Weight status;
-Maternal employment
status;
-Type of family household
-Poor sleep environment
(≥1-2d/week);
-Child age;
-Maternal education (≤high
school vs. greater);
-Race/Ethnicity (white and
non-Hispanic vs. non-white
or Hispanic);
-Gender (female vs. male);
-Nap duration
Child demographic
variables:
-Age;
-Sex;
-Birth order;
Parental demographic
variables: -Age;
-Education level;
-Employment status;
Parental involvement at
sleep
initiation:
-Feeding method;
-Rocking/holding;
-Watching TV
-Sleep location
Parental involvement at
sleep resumption
-Holding/rocking to sleep;
-Picking up-returning
awake
-Rubbing or patting in
crib/bed
-Bottle/breast feeding back
to sleep

N/A

US

Categorical value
-Nighttime sleep
Insufficient sleep:
<10h/night;
Adequate sleep:1013h/night;
Excessive: >13h/night
Categorical value
-Nighttime sleep
<10h;
≧10h.
Mean value
-Nighttime sleep
Weedays:10.2±1.0h/d
Weekend:10.7±1.1h/d
Median value
-Nap
38 (Q1-Q3:13-90)
min/d

#71

(Yu, et al.,
2017)

weekdays;
-Midpoint of sleep
weekend;
-Midpoint of sleep
corrected
-Number of TVs at home
(≤1 TV/2TV/≥2 TV);
-TV in the bedroom;
-BMI;
-Outdoor play;

Hongkong

Crosssectional

n=1049 (53.2%boys)

0-36 months

Mean value of the
whole sample was not
reported

N/A

N/A

Child demographic
variables:
-Age;
-Sex;
-Birth order;
Parental demographic
variables: -Age;
-Education level;
-Employment status;
Parental involvement at
sleep
initiation:
-Feeding method;
-Rocking/holding;
-Watching TV
-Sleep location
Parental involvement at
sleep resumption
-Holding/rocking to sleep;
-Picking up-returning
awake
-Rubbing or patting in
crib/bed
-Bottle/breast feeding back
to sleep
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#72

(Dong, et
al., 2015)

Mainland
China

Crosssectional

n=1046 (53.3%boys)

4-48 months

Mean value of the
whole sample was not
reported

#73

(Jiang, et
al., 2002)

Mainland
China

Crosssectional

n=3195 (51.4%boys)

1-59 months

Mean value of the
whole sample was not
reported

#74

(Yang, et
al., 2017)

Mainland
China

Crosssectional

n=1304 (52.8%boys)

12±10 months

#78

(Moorman

US

Cross-

n=278 (47.8%boys)

56.39±5.26 months

Mean value of the
whole sample was not
reported
Mean value

-Rubbing or patting
in crib/bed
-Bottle/breast
feeding back to
sleep
-Giving pacifier
-Changing diaper
-Verbal comfort in
crib
-Bringing child to
parents' bed
-Letting child cry to
fall asleep
-Waiting a few
minutes
-Play until ready for
sleep
-Watching TV or
video
-Singing to child
Falling asleep
independently
TV viewing
time(0h/<1h/≥1h)

-Giving pacifier
-Changing diaper
-Verbal comfort in crib
-Bringing child to parents'
bed
-Letting child cry to fall
asleep
-Waiting a few minutes
-Play until ready for sleep
-Watching TV or video
-Singing to child
Falling asleep
independently

-Giving pacifier
-Changing diaper
-Verbal comfort in crib
-Bringing child to parents'
bed
-Letting child cry to fall
asleep
-Waiting a few minutes
-Play until ready for sleep
-Watching TV or video
-Singing to child
Falling asleep
independently

TV viewing
time(0h/<1h/≥1h)

TV viewing
time(0h/<1h/≥1h)

N/A

N/A

BISQ

Bedtime routine

Bedtime routine

Age
Parental bedtime;
Parental presence at sleep
onset of children;
Starting age of consistent
nighttime sleep;
Maternal education level;
Birth weight;
Ethnicity;
Children's difficult
temperament;
Parental sleep duration;
Parental attention to
child's night awaking;
Paternal age;
Sleeping independently;
Appetite;
Household income;
Quiet nighttime sleep
environment;
Regular bedtime routine;
Recent unexpected accident
happening;
Parents'
relationship(worse);
the number of smoking
family members
Bedtime routine

Proxy report

TV use (weekday

TV use (weekday

N/A

BISQ (for 0-3
years);
BCSQ (for 3-6
years)
Parental report
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and
Harrison,
2018)

#81

(Mindell, et
al., 2010b)

sectional

International

Crosssectional

n=29,287 (48.1%boys)

0-36 months

-Nighttime sleep
9.59±1.27h/d;
-Nap
1.17±1.29h/d

(parents/guardia
ns)

Mean value
-Total sleep:
Predominantly
Caucasian countries:
13.02±2.01h
Predominantly Asian
countries:
12.31± 2.17 h
-Nighttime sleep:
Predominantly

BISQ

morning; weekday
at daycare;
weekday after
daycare; weekday
before bedtime;
weekend morning;
weekend midday;
weekend before
bedtime)
-DVD/VCR use
(weekday morning;
weekday at daycare;
weekday after
daycare; weekday
before bedtime;
weekend morning;
weekend midday;
weekend before
bedtime)
-Video games
(weekday morning;
weekday at daycare;
weekday after
daycare; weekday
before bedtime;
weekend morning;
weekend midday;
weekend before
bedtime)
-Computer use
(weekday morning;
weekday at daycare;
weekday after
daycare; weekday
before bedtime;
weekend morning;
weekend midday;
weekend before
bedtime)
-TVs in bedroom;
-DVD/VCRs in
bedroom;
-Video games in
bedroom;;
-Computers in
bedroom;
-Sneaky media use8;
Country

morning; weekday at
daycare; weekday after
daycare; weekday before
bedtime; weekend
morning; weekend midday;
weekend before bedtime)
-DVD/VCR use (weekday
morning; weekday at
daycare; weekday after
daycare; weekday before
bedtime; weekend morning;
weekend midday; weekend
before bedtime)
-Video games (weekday
morning; weekday at
daycare; weekday after
daycare; weekday before
bedtime; weekend morning;
weekend midday; weekend
before bedtime)
-Computer use (weekday
morning; weekday at
daycare; weekday after
daycare; weekday before
bedtime; weekend morning;
weekend midday; weekend
before bedtime)
-TVs in bedroom;
-DVD/VCRs in bedroom;
-Video games in bedroom;;
-Computers in bedroom;
-Sneaky media use3;

Country

Country
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#83

(Armstrong,
et al., 2019)

US

Crosssectional

n=195 (55.4%boys)

20.3±5.6 months

#84

(Berglind,
et al., 2018)

Sweden

Crosssectional

n=830(55.3%boys)

4.3±0.4 years

#85

(Beyens &
Nathanson,
2019)

US

Crosssectional

n=402 (the percentage of
boys was not reported)

3-5 years

#90

(Chen, et
al., 2019)

Singapore

Crosssectional

n=714 (55.0%boys)

7-24 months

#92

(Fujiwara,
et al., 2018)

Japan

Crosssectional

n=332 (50%boys)

3-6 years

#97

(Ji, et al.,
2018)

Mainland
China

Crosssectional

n=112 (49.1%boys)

3-6 years

#101

(Miller, et
al., 2019)

US

Crosssectional

n=134 (52.2%boys)

33 months

#106

(Raza, et
al., 2019)

UK

Crosssectional

n=141 (54.6%boys)

12 months

Caucasian countries:
10.00±1.56 h
Predominantly Asian
countries:
9.19± 1.49 h
-Nap:
Predominantly
Caucasian countries:
3.01±1.77 h
Predominantly Asian
countries:
3.11± 1.78 h
Mean value
-Nighttime sleep
460.23±85.86 min
Categorical value
-Total sleep:
<9h per day (1.6%)
9-<10h per day (10.7%)
10-<11h per day
(58.1%)
>=11h per day (29.6%)
Mean value
-Total sleep:
681.79±73.39 min
-Nighttime sleep:
639.70±61.26 min
-Nap (48.3% children):
87.22±39.13min

Mean value
-Total sleep:
13.9±3.5h/d
Categorical value
Total sleep:
<10h :15.7%;
>=10h: 84.3%
Mean value
-Total sleep:
Weekday:8.1±0.7h/d
Weekend:8.3±0.9h/d
Categorical value
Weekday 8-13h: 57.1%
Weekend 8-13h: 61.6%
Mean value
-Nighttime sleep
Weeknight:
11.08±1.09h/night
Weekday:
11.18±1.10h/night
Mean value
-Nighttime sleep
Lower PA group:

Actical
accelerometer

N/A

Sedentary activity

N/A

Parental report

N/A

N/A

-weight status
-BMI
-BMI z-score

Parental report

-Mother’s education
-Mother’s
employment
-Household income
-Children’s age
-Childcare
attendance
-Overall electronic
media use
-Evening electronic
media use
N/A

-Mother’s education
-Mother’s employment
-Household income
-Children’s age
-Childcare attendance
-Overall electronic media
use
-Evening electronic media
use

N/A

N/A

Educator and
parent report

N/A

N/A

-Screen viewing
-TV viewing
-Mobile devices
-Excessive free sugar
intake

Parental report

N/A

N/A

-Weekend (vs. Weekday)
-Daily MVPA
-Daily screen time
-Children’s BMI

Parental report

N/A

N/A

Parental report

-PA

-Emotional overeating
-Food responsiveness
-Enjoyment of food
-Satiety responsiveness
-Eating in the absence of
hunger
-PA

CSHQ

N/A
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#107

(Sun, et al.,
2018)

Mainland
China

Crosssectional

Infant: n=590(54.7%boys)
Toddler:
N=512(47.1%boys)

Infant:
5.23±2.51months
Toddler:
19.14±5.17months

10.21±2.13h/night
Higher PA group:
10.52±1.63h/night
-Nap
Lower PA group:
1.96±1.23h/d
Higher PA group:
2.10±0.92h/d
Mean value
-Total sleep
Infant:12.90±2.03h/d
Toddler:11.84±1.26h/d
-Nighttime sleep
Infant:9.35±1.47h/d
Toddler:9.67±1.06h/d
-Nap
Infant: 3.56±1.70h/d
Toddler: 2.15±0.77h/d

BISQ

Infant:
-Frequency of
Nighttime
Awakenings
Toddler:
-Frequency of
Nighttime
Awakenings

Infant:
-Frequency of Nighttime
Awakenings
Toddler:
-Frequency of Nighttime
Awakenings

Infant:
-Frequency of Nighttime
Awakenings
-Mental development index
Toddler:
-Frequency of Nighttime
Awakenings
-Mental development index

#110

(Twenge, et
al., 2019)

US

Crosssectional

n=13,109 (the percentage
of boys not reported)

0-5 years

Mean value of the
whole sample was not
reported

Parental report

N/A

N/A

#112

(Wang, et
al., 2019b)

Taiwan

Crosssectional

n=183 (45.4%boys)

6.61±0.36 months

Mean value:
-Total sleep
650.90±56.79min/d
-Nighttime sleep
468.48±54.49min/night
-Nap
181.81±55.52min/d

Parental report

-Actigraphy-derived mean
activity level
-Actigraphy-derived peak
activity level
-Actigraphy-derived total
activity count
-Diary-derived screen-timeor-limited physical activity
-Diary-derived the
percentage of time spent in
screen-time-or-limited
physical activity
-Diary-derived floor time
activity
-Diary-derived the
percentage of time spent in
floor time activity

#114

(Williamso
n, et al.,
2018)
(Zhang, et
al., 2019)

International

Crosssectional

n=1,983 (51.7%boys)

18.0-35.9 months

BISQ

-Sleep location (crib vs.
bed)

N/A

Australia

Crosssectional

n=173 (51.4%boys)

19.73±4.09 months

Mean value
-Nighttime sleep
10.08±1.59h/night
Mean value
-Nighttime sleep
10.9±1.2h/night
-Nap
1.5±0.4h/night

-Actigraphy-derived
mean activity level
-Actigraphy-derived
peak activity level
-Actigraphy-derived
total activity count
-Diary-derived
screen-time-orlimited physical
activity
-Diary-derived the
percentage of time
spent in screentime-or-limited
physical activity
-Diary-derived floor
time activity
-Diary-derived the
percentage of time
spent in floor time
activity
N/A
-Nighttime sleep
duration
-Nighttime sleep
variability
-Having problem
initiating and
maintaining
nighttime sleep

-Age
-Gender
-Socio-economic status
-BMI
-Total PA
-MVPA
-Screen time
-Nap duration
-Bedtime
-Wakeup time

N/A

#115

Actigraph
GT3X+
accelerometer

-TV and video game
consoles;
-Portable electronic
devices
-Actigraphy-derived mean
activity level
-Actigraphy-derived peak
activity level
-Actigraphy-derived total
activity count
-Diary-derived screentime-or-limited physical
activity
-Diary-derived the
percentage of time spent in
screen-time-or-limited
physical activity
-Diary-derived floor time
activity
-Diary-derived the
percentage of time spent in
floor time activity
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#116

(Cárdenas
Villarreal,
et al., 2018)
(Anderson
and
Whitaker,
2010)

Mexico

Crosssectional

n=267 (47.0%boys)

7.0±2.8 months

US

Crosssectional
data from
a
longitudin
al study

n=8550 (51%boys)

4 years

#5

(Bolijn, et
al., 2016)

The
Netherlands

n=2322 (51.2% boys)

2 years

#7

(Bottino, et
al., 2012)

US

Crosssectional
data from
a
longitudin
al study
Crosssectional
data from
a
longitudin
al study

n=1226 (51%boys)

#8

(Butte, et
al., 2016)

US

#24

(Lee, et al.,
2017)

Canada

Crosssectional
data from
a
longitudin
al study
Crosssectional
data from
a
longitudin
al study

#2

Mean value
-Nighttime sleep
7.4±1.7h/night
Mean value
-Not reported

Parental report

N/A

-Energy intake

N/A

Parental report

N/A

N/A

Mean value
-Nap: 2:01±0:42
(h:min)
-Nighttime sleep:
11:13±1:00 (h:min)

Parental report

-BMI z-score;
-Weight status (nonoverweight/overwei
ght)

-Racial/ethnic group (nonHispanic white/nonHispanic
black/Hispanic/other);
-Maternal weight status
(BMI<30kg/m2/BMI≥30kg/
m2);
-Maternal education
(Bachelor’s degree or
higher/Some
college/vocational or
technical degree/High
school diploma/general
equivalency diploma/Less
than high school);
-Household income-topoverty ratio (>3.00;1.86–
3.00;1.00–1.85;0.50–
0.99;<0.50);
-Single-parent household
(no/yes);
-Prevalence of obesity
-BMI z-score;
-Weight status (nonoverweight/overweight)

1 year

Mean value
-Total sleep:
12.8±1.6h/d

Maternal report

N/A

N/A

n=111 (52%boys)

4.6±0.9 years

Mean value
-Total sleep:
595±42min/d

Actigraph
GT3X+ and
Actiheart

N/A

N/A

-Urbanicity4 (quintile 1-5)
-Population density5
(quintile1-5)
-Closeness to primary
highways (<50m/50<100m/100-<200m/200<400m/400-<600m/600<1000m/1000<2000m/≥2000m)
-Weight
-BMI
-FFM
-FM
-Per cent FM

n=151 (53%boys)

19.0±1.9 months

Mean value
-Total sleep:
12.6±1.3h/d

Parental report

N/A

N/A

Categorical value
-Adequate nighttime
sleep: ≥10.5h per week
night (57.5%)

N/A

-BMI z-score

Categorical value
-Total sleep
Meeting sleep
guideline: 11-14h
Not meeting sleep
guideline:<11h or
>14h.
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#26*

(Fisher, et
al., 2014)

UK

Crosssectional
data from
a
longitudin
al study

#29

(Hinkley, et
al., 2012)

Australia

Crosssectional
data from
a
longitudin
al study

#30

(Horváth
and
Plunkett,
2016)

UK

Crosssectional
data from
a
longitudin
al study

#32

(Iemura, et
al., 2016)

Japan

Crosssectional
data from
a
longitudin
al study

n=1303 (the percentage of
boys was not reported)

Weekly accelerometry
data: n=705 (55%boys);
Weekday accelerometry
data: n=773 (54%boys);
Weekend-day
accelerometry data: n=605
(56%boys)
n=246 (49.2%boys)

Baseline:15.7±1.1
months

3-5 years

17.89 months

Categorical value
-Nighttime sleep
<10h/night: 2.2%
10-<11h/night: 10.4%
11-<12h/night: 46.2%
12-<13h/night: 34.1%
≥13h/night: 6.0%
Mean value
-Nap
Nighttime sleep
<10h/night:2.0±0.9h/d
Nighttime sleep 10<11h/night:1.8±0.7h/d
Nighttime sleep 11<12h/night:1.8±0.6h/d
Nighttime sleep 12<13h/night:1.9±0.6h/d
Nighttime sleep
≥13h/night:1.8±0.8h/d
Mean value of the
whole sample was not
reported

Mean value
-Nap:
114.67±32.37min/d

Parental report

-Nighttime sleep
duration

-Age;
-Sex;
-Maternal education
(low/mid/high);
-Nap;
-Weight

N/A

Parental report

N/A

N/A

-Weekly physical activity;
-Weekday physical
activity;
-Weekend-day physical
activity.

SNORI

-Age;
-OCDI
comprehension (i.e.
receptive
vocabulary)
-OCDI production
(i.e. expressive
vocabulary)

-Age;
-OCDI comprehension (i.e.
receptive vocabulary)
-OCDI production (i.e.
expressive vocabulary)

-Age;
-OCDI comprehension (i.e.
receptive vocabulary)
-OCDI production (i.e.
expressive vocabulary)

JCSSQ

-Neurobehavioural
development
(atypical/typical)6;

-Neurobehavioural
development
(atypical/typical)6;

-Neurobehavioural
development
(atypical/typical)6;
-Discipline;
-Expressive language;
-Receptive language;
-Head circumference;
-Sleep efficiency
(Saturdays);
-Concept;
Sleep onset (week
day)>22;
-Approach /withdrawal to
new situation;

-Nighttime sleep:
544.7min/d

n=403 (the percentage of
boys was not reported;
19.8% atypical children)

18 months

-Total sleep:
659.37±51.61min/d
Mean value
-Nap
Weekdays:
2.02±0.63h/d in
atypical children and
1.89±0.76h/d in typical
children;
Saturday:
1.97±0.86h/d in
atypical children and
1.67±0.82h/d in typical
children;
Sunday: 1.68±0.84h/d
in atypical children and
1.58±1.53h/d in typical
children;
-Nighttime sleep
Weekdays:
9.46±0.93h/d in
atypical children and
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11.70±1.08h/d in
typical children;
Saturday:
11.49±1.13h/d in
atypical children and
9.84±0.83h/d in typical
children;
Sunday: 11.34±1.23h/d
in atypical children and
11.53±1.08h/d in
typical children;

#33

(Jones and
Fiese, 2014)

US

Crosssectional
data from
a
longitudin
al study

n=337(53.0%boys)

3.22 years

-Total sleep
Weekdays:
11.54±0.87h/d in
atypical children and
9.77±0.78 in typical
children;
Saturday:
9.54±0.97h/d in
atypical children and
9.84±0.83h/d in typical
children;
Sunday: 9.64±1.05h/d
in atypical children and
9.99±0.87h/d in typical
children;
Categorical value
-Nighttime sleep
<10h/night: 49.07%
≥10h/night: 51.93%

Parental report

N/A

-Parent prevalence of
obese;
-Child prevalence of
overweight;
-Family mealtime routine
score;
-Child limits screen time ≤
2h/d;
-No TV in child bedroom;
-Parent education level
(high school or less/some
college/bachelor's
degree/graduate school or
more);
-Single-parent household
(no/yes);
-Racial/Ethnic group
(non-Hispanic white/nonHispanic
black/Hispanic/other);
-Annual family income
($24999 or less/$2500039999/$4000069999/$7000099999/$100000 or more);
-Parent obesity
(<30kg/m2/≥ 30kg/m2)
-Parent sleep hour per
night
-Child BMI

N/A
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#36

(Klingenber
g, et al.,
2013)

Denmark

Crosssectional
data from
a
longitudin
al study

#44

(Lu, et al.,
2016)

US

Crosssectional
data from
a
longitudin
al study

#45

(Magee, et
al., 2013)

Australia

#46*

(McDonald,
et al., 2015)

UK

Crosssectional
data from
a
longitudin
al study
Crosssectional
data from
a
longitudin
al study

#47

(McDonald,
et al., 2014)

UK

Crosssectional
data from
a
longitudin

For nighttime
sleep(questionnaire):
n=262(the percentage of
boys was not reported)
For nighttime
sleep(accelerometer):
n=211(the percentage of
boys was not reported)
For total
sleep(questionnaire):n=26
0(the percentage of boys
was not reported)
n=115 (53%boys)

3 years

4.29±0.6 years

Mean value
-Nighttime sleep
479.45±57.24h/d

n=1079 (51.1%boys)

Baseline: 4-5 years

n=1278 (48.4%boys)

Baseline:15.7±1.1
months

n=1702 (48.6%boys)

Mean value
-Nighttime sleep
For questionnaire data:
10.8±0.7h/d
For accelerometer data:
10.3±0.7h/d

N/A

-BMI z-score;
-Sum of skin-folds

N/A

Actigraphy
(Octagonal
Basic
Motionloggers)

N/A

N/A

Mean value
-Total sleep:
10.96±0.90h/d at age 45 years

Sleep diary (24h
by parents)

N/A

-Age;
-Sex;
-Ethnicity;
-Negative emotionality;
-Sleep efficiency;
-Long wake episodes;
-Sleep latency;
-Peer acceptance;
-Peer rejection.
N/A

Categorical value
-Nighttime sleep
<10h/night: 2.8%
10-<11h/night:10.1%
11-<12h/night:46.9%
12-<13h/night:34.2%
≥13h/night:6.0%

Parental report

N/A

-Birth weight;
-Gestational age;
-Bedtime
-Wake time;

N/A

BISQ

N/A

-Maternal education
(high/low);
-Ethnicity (white/nonwhite);
-Sex (female/male);

N/A

-Total sleep
For questionnaire data:
11.9±0.8h/d

15.8 months

Mean value
-Nap
Nighttime sleep
<10h/night:
1.93±0.86h/d
Nighttime sleep 10<11h/night:1.92±0.76h/
d
Nighttime sleep 11<12h/night:1.83±0.61h/
d
Nighttime sleep 12<13h/night:1.89±0.69h/
d
Nighttime sleep
≥13h/night:1.79±0.80h/
d
Mean value
-Nighttime sleep
11.6±0.87h/night
Categorical value

Parental report
for nighttime
sleep and total
sleep;
Accelerometer
for nighttime
sleep;

-BMI (healthy weight
trajectory/early onset
obesity trajectory/later
onset obesity trajectory)

236

al study

#52

(Mong-Lin,
et al., 2011)

Australia

#53

(Nevarez, et
al., 2010)

Australia

Crosssectional
data from
a
longitudin
al study
Crosssectional
data from
a
longitudin
al study

-Nighttime sleep
Short sleep:<11h/night
(14.1%)

n=2758 (51.4%boy)

4-5 years

At baseline: n=1676
(50.8%boy)
At 1 year follow-up:
n=1228;
At 2 year follow-up:
n=1365

6 months (baseline);
1 years (follow-up);
2 years (follow-up)

Mean value
-Total sleep
Weekday:
11.01±0.03h/d;
Weekend:11.07±0.03h/
d
Mean value
-Nap
At 6 months:
2.9±1.2h/d;
-Nighttime sleep
At 6 months:
9.3±1.8h/d;
-Total sleep
At 6 months:
12.2±2.0h/d;
At 1 year: 12.8±1.6h/d;
At 2 years:
11.9±1.3h/d.

Sleep diary (24h
by parents)

N/A

-Birth weight
(>2500/≤2500);
-Older children in the home
(0/1/>1);
-Morning TV(≤1h/>1h);
-Evening TV(≤1h/>1h);
-Wake time;
-Bedtime
N/A

Parental report

-Race/ethnicity

-Race/ethnicity

-Time spent in physical
activity

Parental and household
characteristics:
-Maternal age (per 5 years);
-Maternal pre-pregnancy
BMI (kg/m2);
-Parity (0/≥1);
-Mother born outside the
US (yes/no);
-Marital status (not
married/married or
cohabitating);
-Maternal education
(<college graduate/≥college
graduate);
-Household income
(<$40,000/≥$40,000);
-Antenatal depression
(yea/no);
-Depressed as respective
time point (yes/no);
-Smoke during pregnancy
during pregnancy(yes/no);
-Smoking status at
respective time
point(yes/no);
-Number of household
members who
smoked(0/1/≥2);
-Total number of household
members;
Infant characteristics:
-Gestational age at
delivery;
-Birth weight for
gestational age z-score;
-Gender;
-Race/ethnicity
(white/black/Hispanic/Asia
n);
-General
health(excellent/good/fair);
-Feeding type at 6 months
(any breastfeeding/no

237

breastfeeding);
-Introduction of solid
foods(<4 months/≥4
months);
-Child TV/Video viewing
-Any child care outside the
home(yes/no).
N/A

#57

(Rose, et
al., 2016)

US

Crosssectional
data from
a
longitudin
al study

n=1029 (50.3%boys)

9 months

Mean value
-Longest sleep
7-8h/d

Maternal report

N/A

#59

(Scharf and
DeBoer,
2015)

US

Crosssectional
data from
a
longitudin
al study

At 4 years: n=8950
(50.9%boys);
At 5 years: n=7000
(50.6%boys)

4 years and 5 years

Mean value:
-Nighttime sleep
At 4 years:10.47±0.01
h/d
At 5
years:10.37±0.01h/d

Parental report

N/A

#62

(Speirs, et
al., 2014)

US

Crosssectional
data from
a
longitudin
al study

n=247 (46%boys)

38.0±7.4 months

Mean value
-Nighttime sleep
9.6±1.14h/night

Parental report

N/A

#67

(Williams,
et al., 2014)

New Zealand

Crosssectional
data from
a
longitudin
al study

n=216 (56%boys)

3 years

Mean value
-Nighttime sleep
10.2±0.7h/d

ActiLife

N/A

#75

(Fairley, et
al., 2015)

UK

n=669 (the percentage of
boys was not reported)

3 years

Categorical value
<11h: 19.3%;
11-12h:27.6%;
12-13h: 30.2%;
>13h: 22.9%

Parental report

N/A

#76

(Magee, et
al., 2014)

Australia

n=3427 (51.2%boys)

4-5 years

Mean value
11.07±1.17

Parental report

N/A

N/A

24-h media use

#77

(Miller, et
al., 2008)

US

Crosssectional
data from
a
longitudin
al study
Crosssectional
data from
a
longitudin
al study
Crosssectional
data from
a
longitudin

-Dietary pattern
(Breastfed fruit and
vegetables/breastfed low
variety/formula-fed fruit
and vegetables/formula-fed
low variety/mixed high
energy)
-Sex;
-Race/ethnicity;
socio-economic status;
-TV viewing (≤2h/>2h);
-Bedtime;
-Wakeup time;
-BMI
-Sex;
-Age;
-Maternal BMI;
-Maternal age;
-Maternal education;
-Marital status (non-twoparent);
-Annual household income;
-Maternal race/ethnicity;
-Maternal employment;
-Active level;
-Sex;
-Maternal education
(tertiary);
-First born(yes/no);
-Smoking in
pregnancy(yes/no);
-Bedtime;
-Weekend (vs. weekdays)
N/A

n=1023 (the percentage of
boys was not reported)

3.2±0.2 years

Mean value
Children viewing TV 00.5h/d: 11.3±1.0h/d;
Children viewing TV
0.5-2h/d: 11.2±1.1h/d;

Parental report

N/A

N/A

TV viewing time (0-0.5h/d;
0.5-2h/d; 2h/d; >2h/d)

N/A

N/A

N/A

Ethnicity (White British/
Pakistani)
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al study

#79

(Schmutz,
et al., 2017)

Switzerland

#88

(Carson, et
al., 2019)

Canada

#91

(Collings, et
al., 2018)

UK

#96

(Jansen, et
al., 2019)

US

#98

(Julian, et
al., 2019)

US

#104

(Ogi, et al.,
2018)

Japan

#105

(Pattinson,
et al., 2018)

Australia

#108

(Taylor, et
al., 2018)

New Zealand

Crosssectional
data from
a
longitudin
al study
Crosssectional
data from
a
longitudin
al study

n=476 (54%boys)

3.9±0.7 years

n=343 (50.1%boys)

3 years

Crosssectional
data from
a
longitudin
al study
Crosssectional
data from
a
longitudin
al study

n=1,338 (49.5%boys)

24 months

n=355 (49.9%boys)

4.23±0.53 years

Crosssectional
data from
a
longitudin
al study
Crosssectional
data from
a
longitudin
al study
Crosssectional
data from
a
longitudin
al study
Crosssectional
data from
a
longitudin

n=171 (51.5%boys)

22.94±2.76 months

n=279 (57.3%boys)

Children viewing TV
2h/d: 11.2±1.1h/d;
Children viewing TV
>2h/d: 10.9±1.4h/d;
Mean value:
-Nighttime sleep
10.8±0.6 h/night

Parental report

N/A

-Total physical activity;
-Moderate-to-vigorous
physical activity;
-Sedentary behaviour

N/A

CT3X-BT
wrist-worn
accelerometers

N/A

N/A

-Total behavioural
problems;
-Externalizing problems;
-Internalizing problems

Parental report

N/A

-TV viewing time;
-Meal eaten watching TV;
-Snacks eaten watching TV

N/A

Mean value
-Total sleep
10h39min±2h33min
-Nighttime sleep
Weeknight sleep
duration:10h22min±47
min
Week-night sleep
duration:10h45min±1h
8min
Mean value
-Nighttime sleep
11.3±1.1h/night

Children’s
Sleep-Wake
Scale

N/A

-Vegetables, healthy
proteins, and sides pattern
-Breads and spreads pattern
-Processed and fried pattern

-Vegetables, healthy
proteins, and sides pattern
-Breads and spreads pattern
-Processed and fried pattern

Parental report

N/A

Child self-regulation

N/A

56.4±10.0 months

Mean value
-Total sleep
9.4±0.9h/d

Parental report

N/A

N/A

-Parental health
literature

n=1,112 (51.8%boys)

4.86±0.63 months

Mean value
-Total sleep
11.13±0.63h/d
-Nighttime sleep
11.00±0.62h/d

Parental report

N/A

-Gender
-BMI

-Gender
-BMI

n=380 (51.3%boys)

At 1, 2, 3.5 and 5 year

Mean value
-Nighttime sleep
1 years:
578±55min/night
2 years:

Actical

N/A

N/A

-BMI z-score (at 1, 2, 3.5,5
years)
-Fat-free mass (at 5 years)
-Percent fat (at 5 years)
-Bone mineral density (at 5

Mean value:
-Total sleep
11.0±1.1h/d
Categorical Value
-Total sleep
Meeting 10-13h sleep
guideline: 83.1%
Mean value:
Nighttime
sleep:12.6±1.2h/night
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al study

594±60 min/night
3.5 years:
626±44 min/night
5 years:
632±39 min/night

#109

(Tomisaki,
et al., 2018)

Japan

Crosssectional
data from
a
longitudin
al study

At 18 months:
n=207 (49.3% boys)

At 18, 30 and 42
months

#4

(Bathory, et
al., 2016)

US

Baseline
crosssectional
data from
a
interventio
n

n=557 (47.9% boys)

9.5 months

#23

(Ekstedt, et
al., 2017a)

Sweden

Baseline
crosssectional
data from
a
interventio
n

-Nap
1 years:
121±43min/night
2 years:
89±42 min/night
3.5 years:
23±26 min/night
Mean value
-Total sleep
11.56±1.02h/d
-Nighttime sleep
9.64±0.85h/night

Mean value
-Not reported

years)
-Bone mineral content (at 5
years)

JCSSQ

N/A

Parental report

Parent health
literacy
(low/adequate)

Parental report

-Parental overweight
risk (high/low);

-Social competence (at 18,
30, 42 months)
-Autonomy (at 18, 30, 42
months)
-Responsiveness (at 18, 30,
42 months)
-Empathy (at 18, 30, 42
months)
-Motor regulation (at 18,
30, 42 months)
-Emotional regulation (at
18, 30, 42 months)
Parent health literacy
(low/adequate)

-Social competence (at 18,
30, 42 months)
-Autonomy (at 18, 30, 42
months)
-Responsiveness (at 18, 30,
42 months)
-Empathy (at 18, 30, 42
months)
-Motor regulation (at 18,
30, 42 months)
-Emotional regulation (at
18, 30, 42 months)
N/A

-Parental overweight risk
(high/low)7;

-Parental overweight risk
(high/low);
-Child's age;
-Child's gender;
-Child's BMI;
-Having siblings (yes/no);
-Breastfed at age one
(yes/no);
-Nocturnal meals at age
one(yes/no);
-Maternal age;
-Maternal BMI;
-Maternal education level
(≤12years of
school/>12years of school);
-Paternal age;
-Paternal BMI;
-Paternal education level

Categorical Value
-Nap(s) duration:
Low: <1.8h/day
(30.2%);
Adequate: ≥1.8h/d

n=167 (46.1%boys)

1 year

-Nighttime sleep
duration:
Low: <7.5h/night
(20.3%);
Adequate: ≥7.5h/night
Mean value
-Nap
Low risk group:
118.0±34.6min/d
High risk group:
112.6±33.7min/d
-Nighttime sleep
Low risk group:
10.6±0.8h/d
High risk group:
10.5±0.8h/d
-Total sleep
Low risk group:
12.6±0.7h/d
High risk group:
12.4±0.8h/d

-Child's age;
-Child's gender;
-Child's BMI;
-Having siblings (yes/no);
-Breastfed at age
one(yes/no);
-Nocturnal meals at age
one(yes/no);
-Maternal age;
-Maternal BMI;
-Maternal education
level(≤12years of
school/>12years of school);
-Paternal age;
-Paternal BMI;
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-Paternal education
level(≤12years of
school/>12years of school);

Categorical value
-Nighttime sleep
Good:≥10h/d
Poor:<10h/d

#28

(Hesketh, et
al., 2017a)

Australia

Baseline
crosssectional
data from
a
interventio
n

n=455 (54.1%boys)

3.6±1.0 months

Categorical value
-Total sleep
Meeting sleep
guideline: 14-17h for
children aged 0-3.9
months; 12-16h for
children ≥ 4 months;
Not meeting sleep
guideline: <14h or
>17h for children aged
0-3.9 months; <12h or
>16h for children <4
months.

Maternal report

N/A

-Maternal nighttime sleep
duration;
-Maternal sleep quality
index;
-Maternal awaking disorder
index;
-Maternal sleepiness index;
-Paternal nighttime sleep
duration;
-Paternal sleep quality
index;
-Paternal awaking disorder
index;
-Paternal sleepiness index;
N/A

#58

(Santos, et
al., 2017)

Australia

Baseline
crosssectional
data from
a
interventio
n

n=202 (48.5%boys)

19.74±4.07 months

Mean value
-Total sleep
739.66±73.96min/d
(boys:784.66±75.05min
/d;
girls:731.18±72.25min/
d)

Actigraph
GT3X+

N/A

N/A

Parental report

N/A

N/A

Total sleep
Good:≥12h/d
Poor:<12h/d

#82

(Adams, et
al., 2019)

US

Baseline
crosssectional
data from

n=450 (49.8%boys)

45.0±12.98 months

Categorical value
-Total sleep
Meeting guideline: 1114h/d
Not meeting
guideline:<11h/d or
>14h/d
Mean value
-Total sleep
Weeknight:
10.1±1.1h/d;

(≤12years of
school/>12years of school);

-Child's age;
-Child' sex;
-Child's BMI z-score;
-Child's weight-for-age
percentile;
-Child's temperamental
ease (easier than
average/average/more
difficult than average);
-Cared for by someone
other than parent;
-Mother's age;
-Mother's BMI before
pregnancy
-Mother's education
level(low/intermediate/high
)
-Born in Australia(yes/no)
-English is main language
spoken at home(yes/no)
-Gender;
-BMI z-score

-BMI z-score
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#94

(Ingram, et
al., 2018)

US

#10

(Cespedes,
et al., 2014)

US

#12

(Chen,
2017)

Australia

#15

(Collings, et
al., 2017)

UK

a
interventio
n
Baseline
crosssectional
data from
a
interventio
n
Crosssectional
and
longitudin
al

Weekend:10.3±1.1h/d
n=398 (50%boys)

3.3±1.0years

Mean value
-Nighttime sleep:
10.15±0.97h/night

Parental report

N/A

BMI z-score

N/A

n=1,864 (51%boys)

At baseline: 6 months
Follow-up: 1-7 years
(annually)

Maternal report

N/A

N/A

-TV viewing
-Bedroom TV (assessed
from 4-7y)

Crosssectional
and
longitudin
al

At baseline: 9 months
(n=3921)5
Follow-up: 2.5y (n=3412)5

At baseline: 9month;

Mean value
-Total sleep:
6 months: 12.2±2.0h
1 year:12.8±1.6h
2 years:12.0±1.3h
3 years:11.2±1.1h
4 years:10.8±1.1h
Mean value
-Nighttime sleep:
(1) Weekday:
At baseline:
627±195min/d;
Followup:601±211min/d.
(2) Weekend:
At baseline:
601±192min/d;
Follow-up:
590±199min/d.

Maternal report

N/A

Cross-sectional:
-Time spent in different
childcare types (childcare
center/relative care/nonrelative care)
-Total number of
childcare arrangements
used (no childcare/single
childcare/multiple
arrangements)
Longitudinal:
-Child's age

N/A

Crosssectional
and
longitudin
al

n=1338;
(58%South Asian (n=776,
50.1%boys)
42%White
(n=562,47.2%boys))

Mean value
-Total sleep
(1) Mean over all
measurements:
South
Asian:12.6±1.2h/d;
White:12.5±1.0h/d.

Parental report

N/A

N/A

-Ethnicity (South
Asian/White)
-Sex;
-Socioeconomic status
(lease deprived/moderately
deprived/most deprived);
-Maternal pregnancy age;
-Smoked in pregnancy;
-Previous birth;
-Birth season
(spring/summer/autumn/wi
nter);
-Gestational age;
-Birth weight;
-Maternal early-pregnancy
BMI;
-TV viewing duration
(after 6pm);
-Unhealthy snacks;
-Fruit and vegetable
intake;
-Solid food;
-Breast feeding;
-Regular bedtime;
-Physical activity;
-Weight;
-BMI;

flow-up: 2.5y

Longitudinal sample:
n=30465

At baseline: 12 month;
Follow-up:
18month,24month,36m
onth

(2) Mean at each
measurement:
South Asian:
12month:13.0±1.9h/d;
18month:12.6±1.6h/d;
24month:12.5±1.4h/d;
36month:11.9±1.2h/d.
White:
12month:12.9±1.4h/d;
18month:12.7±1.3h/d;
24month:12.3±1.4h/d;
36month:11.7±1.2h/d.
Categorical value
-Total sleep
(1)By mean value over
all measurements:
<11h;
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(Dionne, et
al., 2011)

#21

(Downing,
et al., 2017)

Canada

Australia

Crosssectional
and
longitudin
al

Crosssectional
data from
a
longitudin
al study

n=1029 (49.2%boys)

The final sample with valid
screen time data:
n=937 (53.8%boys)

Baseline: 6 months;
Follow-up: 18 months,
30 months.

3-5 years

Children with valid
sedentary time data:
n=724 (54.8%boys)

11-<12h;
12-<13h;
13-<14h; >14h.
Mean value
-Nap:
6 month:2.5±0.8h/d
18 month: 2.5±0.63h/d
30 month: 2.2±0.65h/d
Nighttime sleep:
6 month: 8.1±1.43h/d
18month:10.1±1.46h/d
30month:10.2±1.52h/d
Mean value
-Nighttime sleep:
children with valid
screen time data:
boys:11.1±1.1h/d
girls:11.0±1.1h/d
children with valid
sedentary time data:
boys:11.1±1.0h/d
girls:11.0±1.1h/d
Mean value
-Nighttime
sleep:581.96±42.88min

-Percentage body fat;
-Waist circumference;
-Sum of skinfolds
N/A

Mother's report

-Age;
-Nap(s) duration at
younger age;
-Nighttime sleep
duration;
-Language
development

-Age;
-Nap(s) duration;
-Nighttime sleep duration at
younger age;
-Language development

Parental report

N/A

-Screen time;
-Sedentary time

N/A

MicroMini
Motionlogger
Actigraph

N/A

-Sleep timing composite
(the relative lateness of a
child’s sleep schedule)
-Sleep variability
composite (night-to-night
variability in the timing and
duration of the child’s
sleep)
-Sleep activity composite
(activity and wake episodes
that occurs during the sleep
period)
-General cognitive ability
-Verbal ability
-Non-verbal ability
-Socio-economic status
-Language-based bedtime
routine7
-Cognitive skills8

N/A

-Season (summer);
-Nap(s) duration;
-Nighttime sleep at
younger age

-Living space
(overcrowded);
-Mother employment
(gainfully
employed/unemployed);
-Mental development
quotient;

#93

(Hoyniak,
et al., 2018)

US

Crosssectional
data from
a
longitudin
al study

n=420 (The percentage of
boys was not reported)

30 months

#27

(Hale, et al.,
2011)

US

n=4274 (53%boys)

At baseline: 36 months;
Follow-up: 60 months

Mean value
-Nighttime sleep
(follow-up): 9.48h/d

Maternal report

N/A

#35

(Klackenber
g, 1968)

Sweden

Crosssectional
and
Longitudi
nal
Crosssectional
and
longitudin
al

n=212 (the percentage of
boys was not reported)

3 years

Mean value
-Nap
at 6 months:
3.7±1.5h/d;
at 9 months:
2.5±1.1h/d;
at 12 months:
2.0±0.8h/d;
at 18 months:
1.5±0.66h/d;
at 24 months:
1.3±0.55h/d;

Maternal report

-Nighttime
duration

N/A
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at 36 months:
1.2±0.66h/d;
-Nighttime sleep
at 6 months:
10.6±1.1h/d;
at 9 months:
11.0±1.2h/d;
at 12 months:
11.2±1.1h/d;
at 18 months:
11.4±1.2h/d;
at 24 months:
11.2±1.3h/d;
at 36 months:
11.4±1.0h/d;
-Total sleep
at 6 months:
14.3±1.7h/d;
at 9 months:
13.5±1.4h/d;
at 12 months:
13.2±1.3h/d;
at 18 months:
12.8±1.1h/d;
at 24 months:
12.4±1.0h/d;
at 36 months:
11.9±1.0h/d;

#54

(Plancoulai
ne, et al.,
2017)

France

#60

(Sha, et al.,
2017)

Mainland
China

#63

(Tétreault,
et al., 2017)

Canada

Crosssectional
and
longitudin
al
Crosssectional
and
longitudin
al

n=194 (the percentage of
boys was not reported)

Baseline: 6 months;
Follow-up: 12 months,
18 months and 24
months

n=519 (51.6%boys)

At baseline: 1 month;
Follow-up: 3,6,8 and
12 months

Crosssectional
and
longitudin
al

n=143

Baseline: 12 months;
Follow-up: 18 months,
2 years, 3 years, 4 years

Categorical value
-Total sleep
Short sleepers:9-13h/d;
Long sleepers:15-20h/d
Mean value of the
whole sample was not
reported
Mean value
-Total Sleep
1 month:
17.78±1.89h/d;
3
months:16.11±1.67h/d;
6
months:14.78±1.60h/d;
8
months:13.67±1.30h/d;
12
months:12.29±1.90h/d
Mean value
-Nighttime sleep
Percentage of nighttime
sleep between 7pm and
8pm:

Maternal report

-Nap at younger
age;
-Nighttime sleep;

-Nap;
-Nighttime sleep at
younger age;

N/A

Parental report

N/A

N/A

Weight

Sleep diary (24h
by parents)

N/A

-Maternal ethnicity;
-Maternal education;
-Family income;
-Maternal age;
-Child age;

N/A
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-12 months:71.93%
-18 months:74.73%
-2 years:77.76%
-3 years:82.44%
-4 years:86.62%

-Child gender;
-Number of siblings;
-Maternal sensitivity
(cooperation/ attunement;
positivity; accessibility/
availability)
-Age;
-Gender;
-Birth weight;
-Breastfeeding status
(never/ever);
-Appetite (more than peers,
the same as or less than
peers);
-Physical activity (≤2h/d;
>2h/d);
-Mother's age at delivery
(<25/25-29/≥30);
-BMI at first screening
(<18.5/18.5-24.9/≥25);
-Maternal education
(<high school/high
school/>high school);
-Maternal occupation
(farmer/other);
-Weight status
(overweight/obesity)
-Screen time;
-Outdoor play time

#65

(Wang, et
al., 2016)

Mainland
China

Crosssectional
and
longitudin
al

At baseline: n=48,922
(50.7%boys);
Follow-up: n=16,028
(48.1%boys)

At baseline: 3 years;
Follow-up: 5 years

Categorical value
-Nighttime sleep
≤10h;
11-12h;
≥13h

Parental report

N/A

#69

(Xu, et al.,
2016)

Australia

Crosssectional
and
longitudin
al

At baseline: n=497
(49.9%boys)
Follow-up: 3.5 years
(51.2%boys)
Follow-up: 5 years
(50.4%boys)

At baseline: 2 years
Follow-up: 3.5 and 5
years

Mean value
-Nighttime sleep
2 years:10.51±1.10h/d;
3.5
years:10.53±0.97h/d;
5 years:10.66±0.81h/d

Parental report

N/A

BISQ

N/A

N/A

-BMI;
-Body length;
-Ethnicity (Malay, Chinese,
Indian)

CSHQ

N/A

-Age

N/A

#70

(Zhou, et
al., 2015)

Singapore

Crosssectional
and
longitudin
al

n=899 (52.84%boys)

At baseline: 3 months
Follow-up: 6,9,12,18
and 24 months

#87

(Breitenstei

US

Cross-

n=582 (291 twin pairs;47-

At baseline: 12 months

Categorical value
-Nighttime sleep
2 years: ≥10h(74%);
<10h(26%)
3.5 years:
≥10h(76%);<10h(24%)
5 years:
≥10h(85%);<10h(15%)
Mean value:
-Total sleep
3
months:12.08±3.91h/d;
6
months:11.75±2.85h/d;
9
months:11.67±2.51h/d;
12
months:11.66±2.13h/d;
18
months:11.57±1.97h/d;
24
months:11.14±2.06h/d
Mean value

N/A

N/A
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n, et al.,
2018)

#95

#99

#111

(Jabakhanji,
et al., 2018)

(Khatiwada,
et al., 2018)

(Wang, et
al., 2019a)

Ireland

US

The
Netherlands

sectional
and
longitudin
al

49% boys at each time
point)

Follow-up:
30months and 5 years

-Nightime sleep:
12months:10.15±1.50h;
30months:10.41±1.14h;
5years:10.25±1.03h.

Crosssectional
and
longitudin
al

n=10,377

At baseline:9 month
Follow-up:
3 years and 5years

Categorical value
-Total sleep:
9months:<12h (18.8%);
12-14.9h (69.3%);
>=15h (11.9%).
3years: <12h
(11.7%);12-14.9h
(75.1%); >=15h
(13.2%).

Crosssectional
and
longitudin
al
Crosssectional
and
longitudin
al

n=401 (51.1%boys)

At baseline:6 month
Follow-up:12 month

n=2,308 (51.3%boys)

At baseline:6 months
Follow-up: 14 and 36
months

#17

(Derks, et
al., 2017)

The
Netherlands

Longitudi
nal

n=5,161 (49.7%boys)

Baseline: 2 months
Follow-up: 6 months,
24 months, 36 months

#31

(Hysing, et
al., 2014)

Norway

Longitudi
nal

n=55,831 (51.1%boys)

At baseline: 6 months;
Follow-up: 18 months

5years:<12h
(19.2%);12-14.9h
(57.5%); >=15h
(23.3%).
Mean value
-Total sleep: Baseline:
13.0±2.3h/d
Follow-up:
12.6±1.8h/d
Mean value
-Total sleep:
At 6 months:
14.89±1.59 h/d
At 14 months:
14.15±1.36h/d
At 36months:
11.97±1.24h/d
Mean value
-Total sleep:
2 month: 14.7±3.0h
6 month:15.0±2.8h
24month:13.4±1.1h
36month:12.6±1.1h
Categorical value
-Nighttime sleep
at 6 month:
≤10h/night:3.1%
11-12h/night:16.4%
13-14h/night:52.1%
≥15.4h/night:28.4%
at 18 month:
≤10h/night:2.1%
11-12h/night:36.0%
13-14h/night:58.6%
≥15.4h/night:3.3%

Parental report

N/A

-Gender
-Socio-economic status
-Ethnicity (being European
American)
-Family structure
-Nighttime sleep duration
at 30 months;
-Household chaos
-Sibling conflict
N/A

Parental report

N/A

N/A

-Household chaos

Parental report

N/A

N/A

-BMI z-score

Parental report

N/A

N/A

-BMI z-score in younger
age (2months, 24months);
-Total sleep duration in
younger age (2months,
6months, 24months)

Maternal report

N/A

-Nocturnal awaking
(≥3time per night/1-2times
per night/a few times per
week) at 6 months;
-Easy to put to bed and
falls asleep quickly (not
true/partly true) at 6
months;
-Breastfeeding at 6 months;
-Co-sleeping at 2 months;
-Co-sleeping at 4 months;
-Co-sleeping at 6 months;
-Nighttime sleep at 6
months (≤10h/night/1112h/night);

N/A

-BMI
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#37

(Kocevska,
et al., 2016)

The
Netherlands

Longitudi
nal

n=3,465 (49.2%girls)

At baseline: mean
age=24.3 months
Follow-up: mean
age=36.1 months

Mean value
-Total sleep
at
baseline:780±66min/d
Followup:759±67min/d

Parental report

N/A

-Fat intake;
-Protein intake;
-Carbohydrate intake;
-Animal protein at the
expense of plant protein;
-Plant protein at the
expense of animal protein;
-Monosaccharides and
disaccharides at the expense
of polysaccharides;
-Polysaccharides at the
expense of
monosaccharides and
disaccharides;
-Unsaturated fat at the
expense of saturated fat;
-Saturated fat at the
expense of unsaturated
fat;

#80

(Diethelm,
et al., 2011)

Germany

Longitudi
nal

n=594 (52.5%boys)

Baseline: 1.5 years;
Follow-up: 2 years

Mean value of the
whole sample was not
reported

Parental report

N/A

N/A

-Fat intake;
-Protein intake;
-Carbohydrate intake;
-Total energy intake;
-Animal protein at the
expense of plant protein;
-Plant protein at the
expense of animal protein;
-Monosaccharides and
disaccharides at the
expense of
polysaccharides;
-Polysaccharides at the
expense of
monosaccharides and
disaccharides;
-Unsaturated fat at the
expense of saturated fat;
-Saturated fat at the
expense of unsaturated
fat;
-Tryptophan intake;
-Glycemic load;
Gender;
Sleep problems;
Nightly eating;
Weight;
Height;
BMI;
BMI standard deviation
score;
FMI;
FFMI;
Birth weight;
Birth weight
category<3000g
Gestational age;
Birth year;
Fully breastfed;
Rapid weight gain 0-18
months
Smoking in the household;
Maternal overweight;
High maternal education;
Carbohydrates within
evening meals;
Carbohydrates from high
GI food within evening
meals;
Carbohydrates from low GI
food within evening meals;
GI within evening meals;
Protein within evening
meals;
Fat within evening meals;
Energy intake within
evening meals;
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#86

(Bose, et
al., 2019)

Mexico

Longitudi
nal

n=397 (51.1%boys)

4.8±0.5 years

#89

(Chatterjee,
et al., 2018)

Mexico

Longitudi
nal

n=594 (51%boys)

57.4±6.3 months

#100

(Kocevska,
et al., 2018)

The
Netherlands

Longitudi
nal

n=6,808 (50.3%boys)

Baseline: 2 years
Follow-up:3 years

#102

(MoralesMuñoz, et
al., 2019)
(Murcia, et
al., 2019)

Finland

Longitudi
nal

At 3months: n=1,220
(52.5%boys)

At 3, 8, 18 and
24months

France

Longitudi
nal

n=1,028 (52.8%boys)

At 2, 3 and 5-6 years

(Whitesell,
et al., 2018)

US

Longitudi
nal

n=167 (47%boys)

1,3,6,9 and 12months

#103

#113

Decreasing of protein by
increase of carbohydrates
from high GI food;
Decreasing of protein by
increase of carbohydrates
from low GI food;
Decreasing protein of by
increase carbohydrates
from fat;
N/A

Mean value
-Total sleep: 7.8±0.72
h/d
-Nighttime sleep:
7.7±0.74h/d
Mean value
-Total sleep: 7.7±0.7
h/d

Actigraph
GT3x+ wristworn
accelerometers

N/A

Gestational weeks PM2.5
exposure

Actigraph
GT3x+ wristworn
accelerometers

N/A

N/A

-Socio-economic status
-Perceived Stress Scale
-Negative life events
-Cortisol level
-Mother’s age
-Mother’s height
-Mother’s BMI
-Maternal smoking
behaviour
-Children’s gestational age
-Children’s gender
-Children’s age
-Children’s BMI z-score

Mean value:
Total sleep:
At 2 years:13.1±1.1h/d
At 3 years:12.6±1.3h/d
Mean value of the
whole sample was not
reported
Mean value:
-Nighttime sleep:
At 2 years:
11.1±0.8h/night

Parental report

N/A

N/A

BISQ

-Parental circadian
preference(eveningn
ess)
N/A

-Parental circadian
preference(eveningness)

-Prenatal and early postnatal head circumference;
-Prenatal and early postnatal lateral ventricle;
-Parental circadian
preference(eveningness)

Mean value of the
whole sample was not
reported

Respironics/Mi
ni Mitter
Actiwatch

Parental report

N/A

-Predominant
breastfeeding;
-Thickened formula as the
main infant formula
-Complementary foods
introduction, excluding
baby cereals
-Baby cereal introduction
-Night feeding in infancy
between 23:00hours and
06:00 hours
-Household chaos

N/A

N/A

Abbreviation: BISQ, brief infant sleep questionnaire; CCTQ, the children's chrono type questionnaire; SNORI, sleep and naps oxford research inventory; JCSSQ, Japan children's study sleep questionnaire; OCDI, oxford communicative development
inventory; PSQI, Pittsburgh sleep quality index; PBI, parental bonding instrument; OR, odds ratio; PR, prevalence ratio;
Note:*Study#26 and #46 analyze the same sample from Gemini twin birth cohort. As some potential correlates of nighttime sleep (i.e. age, sex, maternal education level, nap and weight) were examined in both studies, herein we only reported these
associations in study #26, which included a larger sample (n=1303 vs. n=1278 in study#46).
1.Higher scores on the negative affect scale represent greater child negative emotionality (e.g. fear, frustration, distress, and sadness), whereas higher scores on the Child Behaviour Check List scales (i.e. externalizing and internalizing broad scales as well
as all subscales) represent a greater number of caregiver-reported child behaviour problems.
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2.The responding parent is the parent who completed the questionnaire.
3.The frequency with which children were found to be using screen media when they were supposed to be sleeping.
4.Urbanicity was defined as the proportion of urban land use within 1 km of the mother's residential address.
5.Population density was defined as the 2000 census block group population per square kilometer of dry land.
6.The neurobehavioural observations in 18 months including gross and fine motor functions, social functions, and language functions. Infants in whom all three areas were observed as normal and well-balanced were classified into the ‘‘typical
development” group, whereas those in whom deviation or an imbalance development among the three areas was recognized were classified into the ‘‘atypical development” group.
7.Language-based bedtime routine including reading a story, telling a story, praying, talking, singing, and/or playing a game.
8.Cognitive skills were measured using the Peabody Picture Vocabulary Test-Revised.
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Table 8.S 2 Risk of bias

#1

(Ahn, et al., 2016)

0

1

1

Did the study have an
acceptable proportion
of participants with
completed data
regarding the variables
of interest?
1

#2

(Anderson and Whitaker, 2010)

1

0

1

1

3

#3

(Baird, et al., 2016)

0

0

0

0

0

#4

(Bathory, et al., 2016)

1

0

1

1

3

#6

(Boswell, et al., 2018)

1

0

1

1

3

#9

(Carson, et al., 2017b)

0

0

0

0

0

#11

(Chaput, et al., 2017a)

1

0

1

0

2

#13

(Cheung, et al., 2017a)

0

1

1

1

3

#14

(Cliff, et al., 2017)

1

0

1

1

3

#16

(Cremone, et al., 2017)

1

1

0

0

2

#19

(Doi, et al., 2015)

0

1

0

0

1

#20

(Doi, et al., 2016)

0

1

1

1

3

#21

(Downing, et al., 2017)

0

1

1

1

3

#22

(Duraccio and Jensen, 2017)

0

1

0

1

2

#23

(Ekstedt, et al., 2017a)

1

0

1

1

3

#24

(Lee, et al., 2017)

1

1

1

0

3

#25

(Hager, et al., 2016)

0

1

1

1

3

#28

(Hesketh, et al., 2017a)

1

1

0

1

3

#29

(Hinkley, et al., 2012)

0

1

1

1

3

#33

(Jones and Fiese, 2014)

1

0

1

0

2

#34

(Kitamura, et al., 2015)

1

0

0

0

1

#38

(Koch, et al., 1984)

0

0

0

0

0

#39

(Kohyama, 2007)

0

1

0

1

2

#40

(Kohyama, et al., 2002)

0

0

0

1

1

#41

(Komada, et al., 2011)

1

0

1

1

3

#42

(Kuzik and Carson, 2016)

1

0

1

0

2

Reference No.

Author&year

Did the study specify
the eligibility criteria?

Were the measures of
potential correlates and
sleep duration valid and
reliable for the
participants?

Did the study
adequately control for
confounding factors?

Assessment score

3
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#43

(Louzada, et al., 2012)

0

0

1

0

1

#44

(Lu, et al., 2016)

1

1

0

0

2

#48

(Mindell and Lee, 2015)

0

1

0

0

1

#49

(Mindell, et al., 2015)

0

1

0

0

1

#50

(Mindell, et al., 2009)

1

0

1

0

2

#51

(Mindell, et al., 2010a)

0

1

1

0

2

#55

(Ramamurthy, et al., 2012)

0

1

0

0

1

#56

(Randler and Truc, 2014)

0

0

0

1

1

#57

(Rose, et al., 2016)

0

0

1

0

1

#58

(Santos, et al., 2017)

1

1

1

0

3

#61

(Sijtsma, et al., 2015)

0

0

0

0

0

#64

(Vézina-Im, et al., 2017)

0

1

1

1

3

#66

(Watanabe, et al., 2011)

0

0

1

1

2

#68

(Wilson, et al., 2014)

1

0

1

0

2

#71

(Yu, et al., 2017)

0

1

1

0

2

#72

(Dong, et al., 2015)

0

1

0

1

2

#73

(Jiang, et al., 2002)

0

1

1

1

3

#74

(Yang, et al., 2017)

1

1

1

1

4

#78

(Moorman and Harrison, 2018)

1

0

1

1

3

#81

(Mindell, et al., 2010b)

1

1

0

1

3

#5

(Bolijn, et al., 2016)

0

0

1

1

2

#7

(Bottino, et al., 2012)

1

0

1

1

3

#8

(Butte, et al., 2016)

1

1

1

1

4

#26

(Fisher, et al., 2014)

0

0

0

0

0

#30

(Horváth and Plunkett, 2016)

1

1

0

0

2

#32

(Iemura, et al., 2016)

1

1

0

1

3

#36

(Klingenberg, et al., 2013)

0

0

1

1

2

#45

(Magee, et al., 2013)

0

0

0

0

0

#46

(McDonald, et al., 2015)

1

1

0

0

2

#47

(McDonald, et al., 2014)

1

1

1

1

4

#52

(Mong-Lin, et al., 2011)

1

0

1

0

2
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#53

(Nevarez, et al., 2010)

1

0

1

1

3

#59

(Scharf and DeBoer, 2015)

0

0

0

1

1

#62

(Speirs, et al., 2014)

1

0

1

1

3

#67

(Williams, et al., 2014)

1

1

0

1

3

#75

(Fairley, et al., 2015)

1

0

0

1

2

#76

(Magee, et al., 2014)

0

0

1

1

2

#77

(Miller, et al., 2008)

1

0

0

1

2

#79

(Schmutz, et al., 2017)

0

0

1

1

2

#10

(Cespedes, et al., 2014)

0

0

1

1

2

#12

(Chen, 2017)

0

0

1

1

2

#15

(Collings, et al., 2017)

1

0

1

1

3

#18

(Dionne, et al., 2011)

1

0

0

1

2

#27

(Hale, et al., 2011)

1

1

1

1

4

#35

(Klackenberg, 1968)

0

0

0

0

0

#54

(Plancoulaine, et al., 2017)

1

0

0

1

2

#60

(Sha, et al., 2017)

1

0

1

1

3

#63

(Tétreault, et al., 2017)

1

1

1

1

4

#65

(Wang, et al., 2016)

1

0

1

0

2

#69

(Xu, et al., 2016)

0

0

1

0

1

#70

(Zhou, et al., 2015)

1

1

1

1

4

#17

(Derks, et al., 2017)

0

0

1

1

2

#31

(Hysing, et al., 2014)

0

0

1

1

2

#37

(Kocevska, et al., 2016)

1

0

1

1

3

#80

(Diethelm, et al., 2011)

1

0

1

1

3

#82

(Adams, et al., 2019)

1

0

1

1

3

#83

(Armstrong, et al., 2019)

1

1

0

1

3

#84

(Berglind, et al., 2018)

1

0

1

1

3

#85

(Beyens and Nathanson, 2019)

1

0

1

1

3

#86

(Bose, et al., 2019)

1

1

1

1

4

#87

(Breitenstein, et al., 2018)

1

1

1

1

4

#88

(Carson, et al., 2019)

1

1

1

0

3
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#89

(Chatterjee, et al., 2018)

1

1

1

1

4

#90

(Chen, et al., 2019)

1

1

1

0

3

#91

(Collings, et al., 2018)

1

0

0

1

2

#92

(Fujiwara, et al., 2018)

1

0

1

1

3

#93

(Hoyniak, et al., 2018)

0

1

0

1

3

#94

(Ingram, et al., 2018)

1

0

1

1

3

#95

(Jabakhanji, et al., 2018)

1

0

1

1

3

#96

(Jansen, et al., 2019)

1

1

1

1

4

#97

(Ji, et al., 2018)

0

1

1

0

2

#98

(Julian, et al., 2019)

1

0

1

1

3

#99

(Khatiwada, et al., 2018)

0

0

0

0

0

#100

(Kocevska, et al., 2018)

1

0

1

1

3

#101

(Miller, et al., 2019)

1

0

1

0

2

#102

(Morales-Muñoz, et al., 2019)

1

1

1

0

3

#103

(Murcia, et al., 2019)

1

0

1

0

2

#104

(Ogi, et al., 2018)

1

0

0

0

1

#105

(Pattinson, et al., 2018)

1

0

1

0

2

#106

(Raza, et al., 2019)

1

0

0

0

1

#107

(Sun, et al., 2018)

1

1

0

0

2

#108

(Taylor, et al., 2018)

1

1

1

0

3

#109

(Tomisaki, et al., 2018)

0

1

0

0

2

#110

(Twenge, et al., 2019)

1

0

1

0

2

#111

(Wang, et al., 2019a)

0

0

1

1

2

#112

(Wang, et al., 2019b)

1

0

1

1

3

#113

(Whitesell, et al., 2018)

0

1

0

1

2

#114

(Williamson, et al., 2018)

0

1

0

0

1

#115

(Zhang, et al., 2019)

1

1

1

0

3

#116

(Cárdenas Villarreal, et al., 2018)

1

0

0

1

2

70/116 (60.3%)

49/116 (42.2%)

75/116 (64.7%)

70/116 (60.3%)

62/116 (53.4%) ≤ 2
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Table 8.S 3 Summary of potential correlates of nap(s) duration
Variables

Association

No association

(+)

(-)

Summary code
n/N(%)

Association

8/8

--

2/5

??

1/1

-

1/1

+

0/3

0

0/3

?

0/3

0

0/5

0

I. Demographic and biological
(i) Child variables
Age

[#1] (Ahn, et al., 2016)
[#13] (Cheung, et al., 2017a)
[#18] (L) (Dionne, et al., 2011)
[#30] (Horváth and Plunkett, 2016)
[#39] (Kohyama, 2007)
[#51] (Mindell, et al., 2010a)
[#71] (Yu, et al., 2017)
[#85] (Beyens and Nathanson,
2019)

Gender (boy)

[#13] (Cheung, et al., 2017a)

[#1] (Ahn, et al., 2016)

[#71] (Yu, et al., 2017)

[#3] (Baird, et al., 2016)
[#51] (Mindell, et al., 2010a)

Race/ethnicity (non-Hispanic White)
Country/region (predominantly

[#53]

(1)

(Nevarez, et al., 2010)

[#81] (Mindell, et al., 2010b)

Caucasian vs. Asian)
Adiposity level

[#5] (Bolijn, et al., 2016)
[#42] (Kuzik and Carson, 2016)
[#43] (Louzada, et al., 2012)

Birth order

[#1] (Ahn, et al., 2016)
[#51] (Mindell, et al., 2010a)
[#71] (Yu, et al., 2017)

(ii) Family variables
Parental age

[#1] (Ahn, et al., 2016)
[#51] (Mindell, et al., 2010a)
[#71] (Yu, et al., 2017)

Parental education level

[#1] (Ahn, et al., 2016)
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[#13] (M) (Cheung, et al., 2017a)
[#51] (Mindell, et al., 2010a)
[#71] (Yu, et al., 2017)
[#85] (M)(Beyens and Nathanson,
2019)
Parental health literacy level
Parental employment status

[#71] (Yu, et al., 2017)

(employed)

[#4] (Bathory, et al., 2016)

0/1

0

[#1] (Ahn, et al., 2016)

1/4

0

0/1

0

[#51] (Mindell, et al., 2010a)
[#85] (M)(Beyens and Nathanson,
2019)

Parental adiposity level

[#23] (Ekstedt, et al., 2017a)
(M,2)

Parental chronotype (eveningness)

[#102]

(Morales-Muñoz, et al.,

2019)

[#102]

(M,3)

(Morales-Muñoz, et

i,j,k

1/8

0*

al., 2019)
[#102] (P,4)(Morales-Muñoz, et
al., 2019)
[#85] (M)(Beyens and Nathanson,

Household income

0/1

0

0/2

0

1/2

?

2019)
II. Psychological, cognitive, and emotional
[#18] (L)(Dionne, et al., 2011)

Language development level

[#30] (Horváth and Plunkett,
2016)
Atypical neurobehavioral

[#32]

(5)

[#32] (6)(Iemura, et al., 2016)

(Iemura, et al., 2016)

development (vs. typical)
Bedtime mood (better)

[#48] (Mindell and Lee, 2015)

1/1

+

Morning mood (better)

[#48] (Mindell and Lee, 2015)

1/1

+

Daytime mood (better)

[#48] (Mindell and Lee, 2015)

1/1

+

[#18] (L) (Dionne, et al., 2011)

2/2

+

5/9

??

III. Behavioral
(i) Other sleep characteristics
Nap(s) duration at younger age

[#54]
Nighttime sleep duration

(L)

(Plancoulaine, et al., 2017)

[#18] (Dionne, et al., 2011)

[#13] (Cheung, et al., 2017a)

[#26] (Fisher, et al., 2014)
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[#25] (Hager, et al., 2016)

[#54] (Plancoulaine, et al., 2017)

[#35] (Klackenberg, 1968)

[#68](Wilson, et al., 2014)

[#38] (Koch, et al., 1984)
[#115](Zhang, et al., 2019)
Nighttime sleep onset/bedtime (later)

[#34] (Kitamura, et al., 2015)

[#13] (Cheung, et al., 2017a)

3/4

++

[#107] (I)(Sun, et al., 2018)

1/3

0

[#40] (Kohyama, et al., 2002)
[#51] (Mindell, et al., 2010a)
Numbers of nighttime sleep awaking

[#13] (Cheung, et al., 2017a)

[#107]

(T)

(Sun, et al., 2018)

Nighttime sleep variability

[#115] (Zhang, et al., 2019)

0/1

0

Nighttime sleep problems

[#115] (Zhang, et al., 2019)

0/1

0

[#39] (Kohyama, 2007)

0/3

0

0/1

0

1/1

-

2/5

??

1/1

+

(ii) Other movement behaviours
Physical activity

[#106](Raza, et al., 2019)
[#112] (Wang, et al., 2019b)
Floor time activity (duration of infant

[#112] (Wang, et al., 2019b)

moving freely on the floor during
each daytime wake period)
[#112](7) (Wang, et al., 2019b)

Sedentary time
Screen time
Evening screen time

(8)

(5,6)

[#78] (Moorman and Harrison, 2018)

[#13]

(Cheung, et al., 2017a)

[#85] (Beyens and Nathanson, 2019)

[#72] (Dong, et al., 2015)

(9)

[#78] (Moorman and Harrison,
2018)

[#85] (Beyens and Nathanson, 2019)

Sneaky media use(10)

[#78] (Moorman and Harrison,

0

2018)
IV. Social and cultural
(i) Sleep related parenting practice
Frequency of current bedtime routine
Parental involvement at sleep

[#74] (Yang, et al., 2017)

[#51] (Mindell, et al., 2010a)

1/2

?

[#71] (Yu, et al., 2017)

0/1

0

[#71] (Yu, et al., 2017)

0/1

0

initiation
Parental involvement at sleep
resumption
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Breastfeeding practice with resume

[#55] (Ramamurthy, et al., 2012)

[#71] (Yu, et al., 2017)

1/2

?

[#71] (Yu, et al., 2017)

0/1

?

[#55] (12)(Ramamurthy, et al.,

1/2

?

0/2

0

sleep following night waking (bottle
fed)
Falling asleep independently
(ii) Other parenting practice
Having breastfeeding (currently)

[#55] (11)(Ramamurthy, et al., 2012)

2012)
V. Physical environmental
(i) Sleep environment
Sleeping location (in parents' room

[#51] (Mindell, et al., 2010a)

vs. not in parents' room)

[#71] (Yu, et al., 2017)

Screen-based electronic devices in

[#78] (8)(Moorman and Harrison,

child’s bedroom

2018)

0

(ii) Other environmental variables
Living in urban area (vs. suburban)
Season (summer)

[#38] (Koch, et al., 1984)
[#38] (Koch, et al., 1984)

1/1

-

0/2

0

0/1

0

0/1

0

[#40] (Kohyama, et al., 2002)
Childcare attendance

[#85] (Beyens and Nathanson,
2019)

School day/weekend

[#38] (Koch, et al., 1984)

L, longitudinal association; M, maternal; I, infant; T. toddler.
+, positive association; ++ positive association for 4 or more times; -, negative association; -- negative association for 4 or more times; 0, no association; 00, no association for 4 or more times; ?, inconsistent
association; ??, inconsistent association for 4 or more times
1.Black, Hispanic and Asian children had longer nap(s) duration than white children at 6 months. There was no significant difference in nap(s) duration between other ethnicity children and white children at 6
months.
2.Increased maternal eveningness chronotype was associated with short nap duration at 8 months.
3.Increased maternal eveningness chronotype was not associated with short nap duration at 3, 18 and 24 months
4.Increased paternal eveningness chronotype was not associated with short nap duration at 3, 8, 18 and 24 months
5.Atypical children had significantly more nap(s) duration on Saturdays than typical children
6.There was no significant difference in nap(s) duration on weekdays and on Sundays between atypical and typical children.
7.The percentage of wake time that children spent in screen time and limited movement (high chair, swings, or bouncer seats) was negatively associated with nap duration.
8.Weekday TV use in daycare, weekend DVD/VCR use in the morning, weekend DVD/VCR use before bedtime were positively associated with nap(s) duration.
9.TV use and DVD/VCR use in other time were not associated with nap(s) duration; computer use was not associated with nap(s) duration.
10.The frequency with which children were found to be using screen media when they were supposed to be sleeping.
11.Children who were currently breastfed had significantly longer nap(s) duration than those who were not at the age <6 months
12.There was no significant difference in nap between children who were currently breastfed in children≥6 months.
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Table 8.S 4 Potential correlates of nighttime sleep duration
Variables

Association
(+)

No association
(-)

Summary code
n/N(%)

Association

6/20

00

3/19

00

I. Demographic and biological
(i) Child variables
Age

[#1] (Ahn, et al., 2016)
[#12]

(L,WD)

[#65] (Wang, et al., 2016)

(Chen, 2017)

[#25] (Hager, et al., 2016)

[#13] (Cheung, et al., 2017a)
[#18]

(L)

[#23] (Ekstedt, et al., 2017a)
[#26] (Fisher, et al., 2014)

(Dionne, et al., 2011)

[#30] (Horváth and Plunkett, 2016)

[#51] (Mindell, et al., 2010a)

[#39] (Kohyama, 2007)

[#71] (Yu, et al., 2017)

[#44] (Lu, et al., 2016)
[#50] (I) (Mindell, et al., 2009)
[#62] (Speirs, et al., 2014)
[#63] (Tétreault, et al., 2017)
[#68] (Wilson, et al., 2014)
[#85] (Beyens and Nathanson, 2019)
[#87] (Breitenstein, et al., 2018)
[#115] (Zhang, et al., 2019)

Gender (boy)

[#26] (Fisher, et al., 2014)

[#47] (McDonald, et al., 2014)

[#1] (Ahn, et al., 2016)

[#71] (Yu, et al., 2017)

[#3] (Baird, et al., 2016)

[#105](Pattinson, et al., 2018)

[#13] (Cheung, et al., 2017a)
[#23] (Ekstedt, et al., 2017a)
[#25] (Hager, et al., 2016)
[#44] (Lu, et al., 2016)
[#51] (Mindell, et al., 2010a)
[#59] (Scharf and DeBoer, 2015)
[#62] (Speirs, et al., 2014)
[#63] (Tétreault, et al., 2017)
[#65] (Wang, et al., 2016)
[#67] (Williams, et al., 2014)
[#68] (Wilson, et al., 2014)
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[#87](Breitenstein, et al., 2018)
[#115](Zhang, et al., 2019)
Race/ethnicity (non-Hispanic White)

[#2] (Anderson and Whitaker,

[#53]

(1)

(Nevarez, et al., 2010)

[#47] (McDonald, et al., 2014)

5/10

??

1/1

+

0/7

00

[#46] (McDonald, et al., 2015)

0/0

0

[#46] (McDonald, et al., 2015)

1/3

0

8/16

??

2/4

??

2010)

[#64] (Vézina-Im, et al., 2017)

[#25] (Hager, et al., 2016)

[#68] (Wilson, et al., 2014)

[#33] (Jones and Fiese, 2014)

[#87](Breitenstein, et al., 2018)

[#44] (Lu, et al., 2016)
[#59] (Scharf and DeBoer, 2015)
Country/region (predominantly Caucasian

[#81] (Mindell, et al., 2010b)

vs. Asian)
Birth order/having siblings

[#1] (Ahn, et al., 2016)
[#23] (Ekstedt, et al., 2017a)
[#47] (McDonald, et al., 2014)
[#51] (Mindell, et al., 2010a)
[#63] (Tétreault, et al., 2017)
[#67] (Williams, et al., 2014)
[#71] (Yu, et al., 2017)

Gestational age
Birth weight (lower)

[#47] (McDonald, et al., 2014)

[#65] (Wang, et al., 2016)
Adiposity level

[#42] (Kuzik and Carson, 2016)

[#2] (Anderson and Whitaker,

[#5] (Bolijn, et al., 2016)

2010)

[#6] (Boswell, et al., 2018)

[#25] (Hager, et al., 2016)

[#23] (Ekstedt, et al., 2017a)

[#33] (Jones and Fiese, 2014)

[#26] (Fisher, et al., 2014)

[#59] (Scharf and DeBoer, 2015)

[#36] (Klingenberg, et al., 2013)

[#61] (Sijtsma, et al., 2015)

[#65] (R,L) (Wang, et al., 2016)

[#66] (Watanabe, et al., 2011)

[#115](Zhang, et al., 2019)

[#94] (Ingram, et al., 2018)
[#105] (Pattinson, et al., 2018)
(WE)

Chronotype (morning type vs. neither type

[#19] (Doi, et al., 2015)

[#20]

and evening type)

[#20] (WD) (Doi, et al., 2016)

[#56] (Randler and Truc, 2014)

(Doi, et al., 2016)

(ii) Family variables
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Household income

[#2] (Anderson and Whitaker,

[#6] (Boswell, et al., 2018)

2010)

[#62] (M) (Speirs, et al., 2014)

5/8

++

1/4

00

0/8

00

[#63] (M)(Tétreault, et al., 2017)

1/2

?

[#1] (Ahn, et al., 2016)

3/14

00

[#85] (Beyens and Nathanson, 2019)

[#16] (Cremone, et al., 2017)
[#25] (Hager, et al., 2016)
[#33] (Jones and Fiese, 2014)
[#63] (Tétreault, et al., 2017)
Family socio-economic status (higher)

[#59] (Scharf and DeBoer, 2015)

[#93] (Hoyniak, et al., 2018)

[#87] (Breitenstein, et al., 2018)
[#115] (Zhang, et al., 2019)

Parental age

[#1] (Ahn, et al., 2016)
[#23] (Ekstedt, et al., 2017a)
[#25] (M) (Hager, et al., 2016)
[#50] (T)(Mindell, et al., 2009)
[#51] (Mindell, et al., 2010a)
[#62] (M)(Speirs, et al., 2014)
[#63] (M)(Tétreault, et al., 2017)
[#71] (Yu, et al., 2017)

Parental race/ethnicity (non-Hispanic

[#62]

(M)

(Speirs, et al., 2014)

White)
Parental education level

[#2] (M)(Anderson and Whitaker,

[#65] (M, R) (Wang, et al., 2016)

2010),
[#26]

(M)

(Fisher, et al., 2014)

[#33] (Jones and Fiese, 2014)

[#13]

(M)

[#23]

(P,M)

[#47]

(M)

(Cheung, et al., 2017a)
(Ekstedt, et al., 2017a)

(McDonald, et al., 2014)

[#51] (Mindell, et al., 2010a)
[#62] (M)(Speirs, et al., 2014)
[#63] (M)(Tétreault, et al., 2017)
[#67] (M)(Williams, et al., 2014)
[#68] (M)(Wilson, et al., 2014)
[#71] (Yu, et al., 2017)
[#85] (M)(Beyens and Nathanson, 2019)
Parental health literacy level

[#4] (Bathory, et al., 2016)

Parental employment status (employed)

[#1] (Ahn, et al., 2016)

[#51] (M)(Mindell, et al., 2010a)

1/1

-

3/6

??
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[#62] (M)(Speirs, et al., 2014)
[#66]

(M)

(Watanabe, et al., 2011)

[#71] (Yu, et al., 2017)
[#85] (M)(Beyens and Nathanson, 2019)

[#65] (R)(Wang, et al., 2016)

Parental occupation as farmer (vs. others)
Parental marital status (single)

1/1

-

3/6

??

3/5

--

2/82,3,4

0*

0/0

0

1/1

-

0/2

0

[#16] (Cremone, et al., 2017)

0/1

0

[#16] (Cremone, et al., 2017)

1/2

?

[#16] (Cremone, et al., 2017)

0/2

0

[#16] (Cremone, et al., 2017)

0/1

0

[#16] (Cremone, et al., 2017)

1/2

?

0/2

0

0/2

0

[#25]

(M)

(Hager, et al., 2016)

2010)

[#62]

(M)

(Speirs, et al., 2014)

[#6] (Boswell, et al., 2018)

[#87] (Breitenstein, et al., 2018)

[#2] (Anderson and Whitaker,

[#33] (Jones and Fiese, 2014)
Parental adiposity level

[#2] (M) (Anderson and Whitaker,

[#23] (Ekstedt, et al., 2017a)

2010),

[#64] (Vézina-Im, et al., 2017)

[#6] (Boswell, et al., 2018)
[#33] (Jones and Fiese, 2014)
Parental chronotype (eveningness)

[#102](M,2)(Morales-Muñoz, et

[#102] (M,3)(Morales-Muñoz, et al., 2019)

al., 2019)

[#102] (P,4)(Morales-Muñoz, et al., 2019)

Maternal Smoking during pregnancy

[#67] (Williams, et al., 2014)

Maternal delivery age

[#65] (Wang, et al., 2016)

II. Psychological, cognitive, and emotional
Negative affect

[#16] (Cremone, et al., 2017)
[#44] (Lu, et al., 2016)

Externalizing behaviors
Aggressive behaviors

[#41] (Komada, et al., 2011)

Attention problem

[#41] (Komada, et al., 2011)
Internalizing behaviors
Emotional reactivity
Self-regulation/autonomy

[#109](5)(Tomisaki, et al., 2018)

(WD)

[#98]

(Julian, et al., 2019)

[#109](Tomisaki, et al., 2018)
Anxiety/depression

[#16] (Cremone, et al., 2017)
[#41] (Komada, et al., 2011)

Withdrawn

[#16] (Cremone, et al., 2017)

0/1

0

Somatic complaints

[#16] (Cremone, et al., 2017)

0/1

0

Social competence

[#109] (6)(Tomisaki, et al., 2018)

0/1

0
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Responsiveness

[#109](Tomisaki, et al., 2018)

0/1

0

Empathy

[#109](Tomisaki, et al., 2018)

0/1

0

Motor regulation

[#109](Tomisaki, et al., 2018)

0/1

0

Cognitive skill/ability

[#27] (Hale, et al., 2011)

0/2

0

[#93] (Hoyniak, et al., 2018)
Language development

[#30] (Horváth and Plunkett, 2016)

0/1

0

Verbal ability

[#93] (Hoyniak, et al., 2018)

0/1

0

Non-verbal ability

[#93] (Hoyniak, et al., 2018)

0/1

0

1/1

-

0/1

0

Neurobehavioural development (atypical

[#32] (Iemura, et al., 2016)

vs. typical)
Bedtime mood (better)

[#48] (Mindell and Lee, 2015)

Morning mood (better)

[#48] (Mindell and Lee, 2015)

1/1

+

Daytime mood (better)

[#48] (Mindell and Lee, 2015)

1/1

+

[#18] (L)(Dionne, et al., 2011)

5/5

++

5/9

??

12/12

--

III. Behavioural
(i) Other sleep characteristics
Nighttime sleep duration at younger age

[#31]

(L)

[#35]

(L)

[#54]

(L)

(Hysing, et al., 2014)
(Klackenberg, 1968)
(Plancoulaine, et al.,

2017)
[#87] (Breitenstein, et al., 2018)
Nap(s) duration

[#18] (Dionne, et al., 2011)

[#13] (Cheung, et al., 2017a)

[#26] (Fisher, et al., 2014)

[#25] (Hager, et al., 2016)

[#54] (Plancoulaine, et al., 2017)

[#35] (Klackenberg, 1968)

[#68] (Wilson, et al., 2014)

[#38] (Koch, et al., 1984)
[#115] (Zhang, et al., 2019)
Nighttime sleep onset/bedtime (later)

[#13] (Cheung, et al., 2017a)
[#16] (Cremone, et al., 2017)
[#25] (Hager, et al., 2016)
[#34] (Kitamura, et al., 2015)
[#40] (Kohyama, et al., 2002)
[#46] (McDonald, et al., 2015)
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[#47] (McDonald, et al., 2014)
[#50] (I)(Mindell, et al., 2009)
[#51] (Mindell, et al., 2010a)
[#59] (Scharf and DeBoer, 2015)
[#67] (Williams, et al., 2014)
[#115](Zhang, et al., 2019)
Nighttime sleep wakeup time (later)

[#46] (McDonald, et al., 2015)

4/4

++

3/5

-

[#44] (Lu, et al., 2016)

2/3

-

[#25] (Hager, et al., 2016)

0/1

0

1/2

?

1/1

-

[#44] (Lu, et al., 2016)

0/1

0

[#16] (Cremone, et al., 2017)

[#56] (Randler and Truc, 2014)

1/2

?

[#65] (R) (Wang, et al., 2016)

[#22] (Duraccio and Jensen, 2017)

5/9

??

[#67] (Williams, et al., 2014)

[#39] (Kohyama, 2007)

[#115](Zhang, et al., 2019)

[#79] (Schmutz, et al., 2017)
[#112] (Wang, et al., 2019b)

0/1

0

[#22] (Duraccio and Jensen, 2017)

1/4

00

[#47] (McDonald, et al., 2014)
[#59] (Scharf and DeBoer, 2015)
[#115](Zhang, et al., 2019)
Numbers of nighttime sleep awaking

[#13] (Cheung, et al., 2017a)
[#25] (Hager, et al., 2016)

[#107](I)(Sun, et al., 2018)
(T)

[#107] (Sun, et al., 2018)

[#31] (L) (Hysing, et al., 2014)
Nighttime sleep latency (longer)

[#25] (Hager, et al., 2016)
[#31] (L) (Hysing, et al., 2014)

Nighttime sleep problems
The ability to fall asleep independently

[#71] (Yu, et al., 2017)

Nighttime sleep efficiency

[#50]

(I,T)

(Mindell, et al., 2009)

[#44] (Lu, et al., 2016)

Long wake episodes
Nighttime sleep midpoint
(ii) Other movement behaviors
Physical activity

[#25] (Hager, et al., 2016)

[#112]
Floor time activity (duration of infant

(7)

(Wang, et al., 2019b)

[#106](Raza, et al., 2019)

moving freely on the floor during each
daytime wake period)
Moderate-to-vigorous physical activity

[#25] (Hager, et al., 2016)

[#79] (Schmutz, et al., 2017)
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[#115] (Zhang, et al., 2019)
Outdoor play

[#61] (Sijtsma, et al., 2015)

Sedentary time

[#21]

(G)

(Downing, et al., 2017)

0/2

0

3/6

??

8/16

??

1/2

?

1/1

-

1/2

?

1/1

-

0/2

0

[#6] (Boswell, et al., 2018)

0/1

0

[#101] (Miller, et al., 2019)

1/2

?

[#101] (Miller, et al., 2019)

0/1

0

1/1

+

2/2

-

[#69]

(L)

(Xu, et al., 2016)

[#21]

(B)

(Downing, et al., 2017)

[#22] (Duraccio and Jensen,

[#79] (Schmutz, et al., 2017)

2017)

[#112] (8)(Wang, et al., 2019b)

[#83] (Armstrong, et al., 2019)
Screen time

[#78]

(9)

(Moorman and

Harrison, 2018)

[#13] (10) (Cheung, et al., 2017a)
[#21]

(B)

(Downing, et al., 2017)

[#33] (Jones and Fiese, 2014)
[#47]

(11)

(McDonald, et al.,

[#13] (13)(Cheung, et al., 2017a)
[#21]

(G)

[#47]

(14)

[#78]

(15)

(Downing, et al., 2017)
(McDonald, et al., 2014)
(Moorman and Harrison, 2018)

2014)

[#85] (Beyens and Nathanson, 2019)

[#59] (Scharf and DeBoer, 2015)

[#91](Collings, et al., 2018)

[#69] (L) (Xu, et al., 2016)

[#115](Zhang, et al., 2019)

[#72] (Dong, et al., 2015)
[#78] (12) (Moorman and
Harrison, 2018)
Evening screen time
Sneaky media use

[#47] (McDonald, et al., 2014)

(16)

[#85] (Beyens and Nathanson, 2019)

[#78] (Moorman and Harrison,
2018)

(iii) Eating behaviors
Enjoyment of food

[#6] (Boswell, et al., 2018)

Food fussiness

[#101] (Miller, et al., 2019)
[#6] (Boswell, et al., 2018)

Food responsiveness

[#6] (Boswell, et al., 2018);
[#101] (Miller, et al., 2019)

Slowness in eating
Satiety responsiveness

[#6] (Boswell, et al., 2018)

Emotional overeating
Eating in the absence of hunger
Nocturnal meal (at around age one)

[#101] (Miller, et al., 2019)
[#23] (Ekstedt, et al., 2017a)
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[#103] (Murcia, et al., 2019)
Early introduction (<4 months) to

[#103] (Murcia, et al., 2019)

1/1

+

complementary foods (excluding baby
cereals)
Baby cereals introduction during infancy

[#103] (Murcia, et al., 2019)

0/1

0

Thickened formula as the main infant

[#103] (Murcia, et al., 2019)

0/1

0

Meals eaten watching TV

[#91] (Collings, et al., 2018)

0/1

0

Snack eaten watching TV

[#91] (Collings, et al., 2018)

0/1

0

1/1

+

[#25] (Hager, et al., 2016)

0/1

0

[#25] (Hager, et al., 2016)

1/2

?

1/1

-

1/1

+

[#57] (Rose, et al., 2016)

0/1

0

[#57] (Rose, et al., 2016)

0/1

0

[#96] (Jansen, et al., 2019)

0/1

0

1/1

-

formula (0-8 months)

Appetite (better)

[#65] (Wang, et al., 2016)

Diet quality
Diet energy

[#116] (Cárdenas Villarreal, et
al., 2018)

Diet pattern - breastfed low variety (vs.

[#57] (Rose, et al., 2016)

breastfed fruit and vegetable)
Diet pattern - formula-fed fruit and

[#57] (Rose, et al., 2016)

vegetables (vs. breastfed fruit and
vegetable)
Diet pattern - formula-fed low variety
dietary pattern (vs. breastfed fruit and
vegetable)
Diet pattern - mixed high energy dietary
pattern (vs. breastfed fruit and vegetable)
Diet pattern – vegetables, healthy proteins,
and sides (high energy-adjusted intake of
vegetables, non-processed meat, legumes,
fish, potatoes, eggs and rice)
Diet pattern – breads and spreads (high

[#96] (WE)(Jansen, et al., 2019)

energy-adjusted intake of bread, peanut
butter and other nuts, spreads with fat, and
breakfast pastry intake and low intake of
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fruit)
Diet pattern – processed and fried (high

[#96] (Jansen, et al., 2019)

0/1

0

1/1

-

energy-adjusted intake of French fries,
processed meat, salty snacks, sweets, and
unsweetened carbonated beverages, and
low energy-adjusted intake of milk)
[#37] (L) (Kocevska, et al., 2016)

Fat intake
Protein intake
Carbohydrate intake;
Animal protein at the expense of plant

[#37]

(L)

(Kocevska, et al., 2016)

1/1

+

[#37]

(L)

(Kocevska, et al., 2016)

1/1

+

[#37]

(L)

(Kocevska, et al., 2016)

1/1

+

1/1

-

[#37] (L) (Kocevska, et al., 2016)

0/1

0

[#37] (L) (Kocevska, et al., 2016)

0/1

0

[#37] (L) (Kocevska, et al., 2016)

0/1

0

[#37] (L) (Kocevska, et al., 2016)

1/1

+

[#49] (Mindell, et al., 2015)

4/4

++

protein
[#37] (L) (Kocevska, et al., 2016)

Plant protein at the expense of animal
protein
Monosaccharaides and disaccharides at the
expense of polysaccharides
Polysaccharides at the expense of
monosaccharaides and disaccharides
Unsaturated fat at the expense of saturated
fat
Saturated fat at the expense of unsaturated
fat
IV. Social and cultural
(i) Sleep related parenting practice
Frequency of current bedtime routine

[#50

(I,T)

(Mindell, et al., 2009)

[#51] (Mindell, et al., 2010a)
[#74] (Yang, et al., 2017)
Having current and past bedtime routine

[#49] (Mindell, et al., 2015)

Language-based bedtime routine

[#27] (Hale, et al., 2011)

1/1

+

[#50] (T)(Mindell, et al., 2009)

2/3

+

[#71] (Yu, et al., 2017)

1/3

0

[#50] (I)(Mindell, et al., 2009)
Parental involvement at sleep initiation

[#50] (I,T)(Mindell, et al., 2009)

[#1] (Ahn, et al., 2016)
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Parental involvement at sleep resumption

[#71] (Yu, et al., 2017)

0/2

0

1/1

+

1/5

00

0/1

0

1/1

+

[#1] (Ahn, et al., 2016)
Breastfeeding practice with resume sleep

[#55] (Ramamurthy, et al., 2012)

following night waking (both nurse and
bottle fed)
(ii) Other parenting practice
[#65] (R)(Wang, et al., 2016)

Previous breastfeeding

[#6] (Boswell, et al., 2018)
[#23] (Ekstedt, et al., 2017a)
[#31] (L)(Hysing, et al., 2014)
[#103] (Murcia, et al., 2019)
[#55] (17)(Ramamurthy, et al., 2012)

Current breastfeeding
Positive mealtime climate associated with

[#33] (Jones and Fiese, 2014)

the family mealtime routine
Parental care

[#41] (M) (Komada, et al., 2011)

0/1

0

Parental overprotection

[#41] (Komada, et al., 2011)

0/1

0

[#41] (P)(Komada, et al., 2011)

1/2

?

1/2

?

0/1

0

Parental time to leave home (late)
Parental time to return home (late)

[#41] (M)(Komada, et al., 2011)
[#41]

(M)

(Komada, et al., 2011)

Household chaos

[#41]

(P)

(Komada, et al., 2011)

[#87] (Breitenstein, et al., 2018)

(iii) Parents’ emotion and behavior
Parent stress

[#6] (Boswell, et al., 2018)

1/1

-

Parent depression

[#6] (Boswell, et al., 2018)

1/1

-

Parent anxiety

[#6] (Boswell, et al., 2018)

Parent sensitivity
Parental nighttime sleep duration
Parental sleep quality

[#33] (Jones and Fiese, 2014)

0

[#23] (P,M) (Ekstedt, et al., 2017a)

1/2

0

1/2

?

[#41]
[#23]

(P,M)

(Ekstedt, et al., 2017a)

0/1

0

[#23]

(P,M)

(Ekstedt, et al., 2017a)

0/1

0

[#41]

(M)

0/1

0

[#41] (Komada, et al., 2011)

1/1

-

[#87] (Breitenstein, et al., 2018)

1/1

-

(Ekstedt, et al., 2017a)

Parental awaking disorder
Parental sleepiness
Parental bedtime
Parental wakeup time (late)

-

0/1

(M)

[#23]

(P)

1/1
[#63] (M,L) (Tétreault, et al., 2017)
(Komada, et al., 2011)

(Komada, et al., 2011)

(iv) Other social and cultural variables
Sibling conflict
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Peer acceptance

[#44] (Lu, et al., 2016)

Peer rejection

1/1

+

[#44] (Lu, et al., 2016)

0/1

0

[#1] (Ahn, et al., 2016)

2/3

-

[68] (Wilson, et al., 2014)

0/1

0

2/4

??

1/1

+

1/4

00

1/2

?

1/2

?

1/1

-

1/5

0*

2/4

?*

V. Environmental
(i) Sleep environment
Sleeping arrangements (in bed with parent

[#25] (Hager, et al., 2016)

or sibling vs. in own bed)

[#31] (L) (Hysing, et al., 2014)

Poor sleep environment
Sleeping location (in parents' room vs. not

[#25] (Hager, et al., 2016)

[#71] (Yu, et al., 2017)

in parents' room)

[#51] (Mindell, et al., 2010a)

[#1] (Ahn, et al., 2016)

Sleep in crib (vs. on bed)

[#114] (Williamson, et al., 2018)

TV in the bedroom

[#33] (Jones and Fiese, 2014)

[#50]

(T,PR)

(Mindell, et al., 2009)

[#61] (Sijtsma, et al., 2015)
[#78] (18)(Moorman and Harrison, 2018)
(ii) Other environmental variables
Gestational weeks PM2.5 exposure

[#86](L,19)(Bose, et al., 2019)

[#86] (L,20)(Bose, et al., 2019)

Living in urban area (vs. suburban)

[#25] (Hager, et al., 2016)

Numbers of TVs at home

[#61] (Sijtsma, et al., 2015)

Time spent in child care (child care center)

[#12]

(T,WD)

(Chen, 2017)

[#38] (Koch, et al., 1984)
[#12]

(I,WD)

[#12]

(I, WE)

[#12]

(T,WE)

(Chen, 2017)
(Chen, 2017)
(Chen, 2017)

[#85] (Beyens and Nathanson, 2019)
[#12] (I,WD) (Chen, 2017)

Time spent in child care (relative care)
Time spent in child care (non-relative care)

Total number of childcare arrangement

[#12]]

(I,WD)

[#12]

(T,WD)

[#12]

(I,WD)

(Chen, 2017)

[#12]

(I, WE)

(Chen, 2017)

[#12]

(T,WD)

(Chen, 2017)

(Chen, 2017)

(Chen, 2017)

(childcare center/relative/non-relative) used

[#12] (I, WE) (Chen, 2017)
[#12]

(T,WE)

(Chen, 2017)

[#12]

(T,WE)

(Chen, 2017)

3/4

+*

[#12] (I, WE) (Chen, 2017)

1/4

0*

1/2

?

2/2

-

[#12]

(T,WD)

(Chen, 2017)

[#12] (T, WE) (Chen, 2017)
School day/weekday
Season (summer)

[#67] (Williams, et al., 2014)

[#38] (Koch, et al., 1984)
[#35]

(L)

(Klackenberg, 1968)

[#38] (Koch, et al., 1984)
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Season (autumn vs. winter and spring)

[#40] (Kohyama, et al., 2002)

1/1

-

P, paternal; M, maternal; L, longitudinal; WD, weekdays; WE, weekend; B, boys; G, girls; I, infant; T, toddler; PR, pre-schooler; R, meeting recommendations
+, positive association; ++ positive association for 4 or more times; -, negative association; -- negative association for 4 or more times; 0, no association; 00, no association for 4 or more times; ?, inconsistent
association; ??, inconsistent association for 4 or more times
1.Black, Hispanic and Asian children had shorter nighttime sleep duration than white children at 6 months. There was no significant difference in nighttime sleep duration between other ethnicity children and white
children at 6 months.
2.Increased maternal eveningness chronotype was associated with short nighttime duration at 3,8 months.
3.Increased maternal eveningness chronotype was not associated with short nighttime duration at 18 and 24 months.
4.Increased paternal eveningness chronotype was not associated with short nighttime duration at 3, 8, 18 and 24 months
5.Emotional regulation was positively associated with nighttime sleep duration at 18 and 42 months but not at 30 months.
6.Social competence was positively associated with nighttime sleep duration at 42 months but not at 18 and 30 months.
7.Actigraph-derived total activity count and mean activity level (but not peak activity level) were negatively associated with nighttime sleep duration.
8.The percentage of wake time that children spent in screen time and restricted movement (high chairs, swings, or bouncer seats) was not associated with nighttime sleep duration.
9.Weekday TV use in the morning was positively associated with nighttime sleep.
10.Tablet use;
11.Watching TV > 1 hour in the evening
12.TV use;
13.Weekday TV use before bedtime was negatively associated with nighttime sleep.
14.Watching TV > 1 hour in the morning
15.TV use in other times, DVD/VCR use, video game use and computer use were not associated with nighttime sleep.
16.The frequency with which children were found to be using screen media when they were supposed to be sleeping.
17.There was no significant difference in nighttime sleep between children who were currently breastfed.
18.TVs, DVD/VCRs, video games or computers in bedroom were not associated with nighttime sleep.
19.Between 39-40 weeks gestation
20.Between 31-35 weeks gestation
Note: * These associations were not coded as strong associations as the results were from the same samples.
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Table 8.S 5 Summary of potential correlates of total sleep duration
Variables

Association

No association

(+)

(-)

Summary code
n/N(%)

Association

2/7

00

0/12

00

1/5

00

1/1

-

1/1

+

6/20

00

I. Demographic and biological
(i) Child variables
Age

[#28] (GD,B) (Hesketh, et al.,

[#73] (Jiang, et al., 2002)

[#23] (Ekstedt, et al., 2017a)

2017a)

[#71] (Yu, et al., 2017)

[#30] (Horváth and Plunkett, 2016)

[#80] (Diethelm, et al., 2011)

[#89] (Chatterjee, et al., 2018)

Gender (boy)

[#3] (Baird, et al., 2016)
[#11] (Chaput, et al., 2017a)
[#14] (Cliff, et al., 2017)
[#15] (Collings, et al., 2017)
[#23] (Ekstedt, et al., 2017a)
[#28] (Hesketh, et al., 2017a)
[#53] (Nevarez, et al., 2010)
[#58] (Santos, et al., 2017)
[#71] (Yu, et al., 2017)
[#80] (Diethelm, et al., 2011)
[#89](Chatterjee, et al., 2018)
[#105](Pattinson, et al., 2018)

Race/ethnicity (non-Hispanic

[#53] (Nevarez, et al., 2010)

[#15] (1) (Collings, et al., 2017)

White)

[#15] (2) (Collings, et al., 2017)
[#70] (Zhou, et al., 2015)
[#75] (Fairley, et al., 2015)

Race/ethnicity (Chinese minor

[#73] (Jiang, et al., 2002)

ethnicity)
Country/region

[#81] (Mindell, et al., 2010b)

(predominantly Caucasian vs.
Asian)
Child’s adiposity level

[#95] (Jabakhanji, et al., 2018)

[#15] (3) (Collings, et al., 2017)

[#8] (Butte, et al., 2016)

[#17] (L) (Derks, et al., 2017)

[#9] (Carson, et al., 2017b)

[#60]

(L)

(Sha, et al., 2017)

[#11] (Chaput, et al., 2017a)
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[#89](Chatterjee, et al., 2018)

[#15] (5)(Collings, et al., 2017)

[#97](Ji, et al., 2018)

[#23] (Ekstedt, et al., 2017a)

[#111]

(4)

(Wang, et al., 2019a)

[#24] (GD)(Lee, et al., 2017)
[#28] (Hesketh, et al., 2017a)
[#45] (Magee, et al., 2013)
[#58] (Santos, et al., 2017)
[#70] (L)(Zhou, et al., 2015)
[#80] (Diethelm, et al., 2011)
[#82](Adams, et al., 2019)
[#84] (GD)(Berglind, et al., 2018)
[#105](Pattinson, et al., 2018)
[#108] (6)(Taylor, et al., 2018)

Body length/height

[#70] (L) (Zhou, et al., 2015)

1/2

?

Head circumference

[#32] (Iemura, et al., 2016)

[#80] (Diethelm, et al., 2011)

1/1

-

Bone mineral density

[#108] (Taylor, et al., 2018)

1/1

-

0/0

0

1/1

+

[#80] (Diethelm, et al., 2011)

0/1

0

[#19] (Doi, et al., 2015)

1/3

0

1/1

-

0/4

00

0/1

0

1/1

+

Bone mineral content
General health level

[#108] (Taylor, et al., 2018)
[#53] (Nevarez, et al., 2010)

(Excellent vs. good or fair)
Rapid weight gain during 0-18
months
Chronotype (morning type vs.

[#20] (WE) (Doi, et al., 2016)

neither type and evening type)

[#20]

Starting age of continuous

(WD)

(Doi, et al., 2016)

[#73] (Jiang, et al., 2002)

nighttime sleep
Gestational age

[#15] (Collings, et al., 2017)
[#53] (Nevarez, et al., 2010)
[#80] (Diethelm, et al., 2011)
[#89](Chatterjee, et al., 2018)

Prenatal and early postnatal

[#100] (Kocevska, et al., 2018)

head circumference
Prenatal and early postnatal

[#100] (Kocevska, et al., 2018)
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lateral ventricle size
Birth weight

[#53] (Nevarez, et al., 2010)

[#73] (Jiang, et al., 2002)

[#15] (Collings, et al., 2017)

1/4

00

1/4

00

[#28] (Hesketh, et al., 2017a)

0/1

0

[#15] (Collings, et al., 2017)

0/1

0

[#73] (Jiang, et al., 2002)

1/2

?

2/5

??

2/6

00

1/1

+

0/2

0

1/1

-

1/3

0

0/8l,m

0*

[#89] (M)(Chatterjee, et al., 2018)

0/1

0

[#15] (Collings, et al., 2017)

1/2

?

1/1

-

0/2

0

[#80] (Diethelm, et al., 2011)
Birth order/having siblings

[#53] (Nevarez, et al., 2010)

[#15] (7) (Collings, et al., 2017)
[#23] (Ekstedt, et al., 2017a)
[#71] (Yu, et al., 2017)

Born in Australia
(ii) Family variables
Family socioeconomic status
Household income
Parent’s age

[#53] (Nevarez, et al., 2010)
[#73]

(P)

(Jiang, et al., 2002)

[#23]

(P,M)

(Ekstedt, et al., 2017a)

[#89] (M)(Chatterjee, et al.,

[#28] (M)(Hesketh, et al., 2017a)

2018)

[#53] (M)(Nevarez, et al., 2010)
[#71] (Yu, et al., 2017)

Parent’s education level

Parent’s health literacy

[#28]

(M)

(Hesketh, et al.,

[#73] (Jiang, et al., 2002)

[#23] (P,M)(Ekstedt, et al., 2017a)

2017a)

[#71] (Yu, et al., 2017)

[#53] (Nevarez, et al., 2010)

[#80] (M)(Diethelm, et al., 2011)

[#104] (Ogi, et al., 2018)

Parent’s employment status

[#35]

(M)

(Klackenberg, 1968)

[#71] (Yu, et al., 2017)
Parental marital status (single)
Parental adiposity level

[#53] (Nevarez, et al., 2010)
[#89]

(M)

(Chatterjee, et al.,

2018)

[#23] (Ekstedt, et al., 2017a)
[#80]

(M)

Parental chronotype

[#102]

(eveningness)

2019)

(Diethelm, et al., 2011)

(M,8)

(Morales-Muñoz, et al.,

[#102] (P,9)(Morales-Muñoz, et al.,
2019)
Parental height
Maternal smoking during

[#53] (Nevarez, et al., 2010)

pregnancy
Maternal pregnancy age
Maternal early-pregnancy

[#15] (7) (Collings, et al., 2017)
[#15] (Collings, et al., 2017)
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BMI

[#28] (Hesketh, et al., 2017a)

Maternal antenatal depression

[#53] (Nevarez, et al., 2010)

Maternal antenatal stress

[#89](Chatterjee, et al., 2018)

Mother born outside the US

[#53] (Nevarez, et al., 2010)

Main language spoken at

[#28] (Hesketh, et al., 2017a)

1/1

-

0/1

0

1/1

-

0/1

0

1/1

+

home (English)
II. Psychological, cognitive, and emotional
Emotion compression

[#14] (GD) (Cliff, et al., 2017)

Theory of mind

[#14] (Cliff, et al., 2017)

0/1

0

Cared for by someone other

[#28] (Hesketh, et al., 2017a)

0/1

0

[#28] (Hesketh, et al., 2017a)

0/1

0

than parent
Temperamental ease
Approach to new situation

[#73] (Jiang, et al., 2002)
[#32] (Iemura, et al., 2016)

1/1

-

0/3

0

0/1

0

[#32] (Iemura, et al., 2016)

1/1

-

Concept (cognitive abilities)

[#32] (Iemura, et al., 2016)

1/1

-

Language development

[#32] (Iemura, et al., 2016)

Mental development index

[#35] (Klackenberg, 1968)
[#107] (I)(Sun, et al., 2018)
[#107] (T)(Sun, et al., 2018)

Neurobehavioral development

[#32] (Iemura, et al., 2016)

(atypical vs. typical)
Discipline (development of
self-control)
[#30] (Horváth and Plunkett, 2016)

1/2

?

Externalizing problems

[#88] (GD)(Carson, et al., 2019)

0/1

0

Internalizing problems

[#88] (GD)(Carson, et al., 2019)

0/1

0

0/1

0

Total behavioural and

[#88]

(GD)

(Carson, et al., 2019)

emotional problems (include
externalizing and internalizing
problems)
Social competence

[#109] (10)(Tomisaki, et al., 2018)

0/1

0

Autonomy

[#109] (Tomisaki, et al., 2018)

0/1

0

Responsiveness

[#109] (Tomisaki, et al., 2018)

0/1

0
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Empathy

[#109] (Tomisaki, et al., 2018)

0/1

0

Motor regulation

[#109] (Tomisaki, et al., 2018)

0/1

0

Emotional regulation

[#109] (Tomisaki, et al., 2018)

0/1

0

1/1

+

2/2

-

1/1

-

0/2

0

III. Behavioral
(i) Other sleep characteristics
Total sleep duration at

[#17] (L) (Derks, et al., 2017)

younger age
Nighttime sleep onset/bedtime

[#32] (Iemura, et al., 2016)
[#40] (Kohyama, et al., 2002)

Nighttime sleep efficiency

[#32] (Iemura, et al., 2016)
(I)

Frequency of nighttime

[#107] (Sun, et al., 2018)

awakenings

[#107] (T)(Sun, et al., 2018)

Sleep problems

[#80] (Diethelm, et al., 2011)

0/1

0

Falling asleep independently

[#71] (Yu, et al., 2017)

0/1

0

[#15] (Collings, et al., 2017)

1/4

0

1/1

-

[#97] (Ji, et al., 2018)

1/2

?

[#112] (Wang, et al., 2019b)

0/1

0

(ii) Other movement behaviors
Total physical activity

[#52] (Mong-Lin, et al., 2011)

[#29] (Hinkley, et al., 2012)
[#112] (11)(Wang, et al., 2019b)
Light physical activity

[#9] (Carson, et al., 2017b)

Moderate-to-vigorous

[#9] (Carson, et al., 2017b)

physical activity
Floor time activity (duration
of infant moving freely on the
floor during each daytime
wake period)
Sedentary time

[#9] (Carson, et al., 2017b)

[#112] (12)(Wang, et al., 2019b)

1/2

?

Screen time

[#10] (L) (Cespedes, et al.,

[#97] (Ji, et al., 2018)

7/8

--

2014)
[#15] (Collings, et al., 2017)
[#53] (Nevarez, et al., 2010)
[#72] (Dong, et al., 2015)
[#76] (Magee, et al., 2014)
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[#77] (Miller, et al., 2008)
[#90] (Chen, et al., 2019)
[#110] (Twenge, et al., 2019)
(iii) Eating behavior
Solid food
Fruit and vegetable intake

[#53] (Nevarez, et al., 2010)

[#15] (Collings, et al., 2017)

[#15] (7) (Collings, et al., 2017)

1/2

?

1/1

+

Unhealthy snack

[#15] (Collings, et al., 2017)

0/1

0

Diet pattern – vegetables,

[#96] (Jansen, et al., 2019)

0/1

0

[#96] (Jansen, et al., 2019)

0/1

0

[#96] (Jansen, et al., 2019)

0/1

0

2/2

+

healthy proteins, and sides
(high energy-adjusted intake
of vegetables, non-processed
meat, legumes, fish, potatoes,
eggs and rice)
Diet pattern – breads and
spreads (high energy-adjusted
intake of bread, peanut butter
and other nuts, spreads with
fat, and breakfast pastry intake
and low intake of fruit)
Diet pattern – processed and
fried (high energy-adjusted
intake of French fries,
processed meat, salty snacks,
sweets, and unsweetened
carbonated beverages, and
low energy-adjusted intake of
milk)
Total energy intake

[#37] (L)(Kocevska, et al.,
2016)
[#80] (13)(Diethelm, et al.,
2011)
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[#80] (13)(Diethelm, et al., 2011)

1/2

?

[#80] (13)(Diethelm, et al., 2011)

1/2

?

2/2

+

1/1

+

[#80] (13)(Diethelm, et al., 2011)

0/1

0

Glycemic load

[#80] (13)(Diethelm, et al., 2011)

0/1

0

Animal protein at the expense

[#37] (L)(Kocevska, et al., 2016)

0/1

0

[#37] (L)(Kocevska, et al., 2016)

0/1

0

[#37] (L)(Kocevska, et al., 2016)

0/1

0

[#37] (L) (Kocevska, et al., 2016)

0/1

0

[#37] (L) (Kocevska, et al., 2016)

0/1

0

1/1

-

0/1

0

Fat intake

[#37] (Kocevska, et al.,
2016)

Protein intake

(L)

(L)

[#37] (Kocevska, et al.,
2016)

Carbohydrate intake;

[#37] (L)(Kocevska, et al.,
2016)
[#80] (13)(Diethelm, et al.,
2011)

Excessive free sugar intake

[#92](Fujiwara, et al., 2018)

Carbohydrate from high

[#80]

glycemic index food

2011)

(13)

(Diethelm, et al.,

Carbohydrate from low
glycemic index food

of plant protein
Plant protein at the expense of
animal protein
Monosaccharaides and
disaccharides at the expense
of polysaccharides
Polysaccharides at the
expense of monosaccharaides
and disaccharides
Unsaturated fat at the expense
of saturated fat
Saturated fat at the expense of

[#37] (L) (Kocevska, et al.,

unsaturated fat

2016)

Decreasing of protein by

[#80] (13)(Diethelm, et al., 2011)

increase of carbohydrates
from high GI food;
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Decreasing of protein by

[#80] (13)(Diethelm, et al., 2011)

0/1

0

[#80] (13)(Diethelm, et al., 2011)

0/1

0

1/1

-

1/1

-

[#73] (Jiang, et al., 2002)

0/1

0

[#80] (Diethelm, et al., 2011)

1/2

?

2/4

??

1/1

+

[#71] (Yu, et al., 2017)

1/2

?

[#71] (Yu, et al., 2017)

1/2

?

1/1

+

1/3

0

1/2

?

increase of carbohydrates
from low GI food;
Decreasing of protein by
increase of carbohydrates
from fat;
[#37] (L)(Kocevska, et al.,

Tryptophan intake

2016)
[#37] (L)(Kocevska, et al.,

Glycemic load

2016)
Appetite
Nocturnal meals

[#23]

(L)

(Ekstedt, et al.,

2017a)
IV. Social and cultural
(i) Sleep related parenting practice
Frequency of current bedtime

[#15] (Collings, et al., 2017)

[#73] (Jiang, et al., 2002)

routine

[#49] (Mindell, et al., 2015)

[#74] (Yang, et al., 2017)

Having current and past

[#49] (Mindell, et al., 2015)

bedtime routine
Parental involvement at sleep

[#73] (Jiang, et al., 2002)

initiation
Parental involvement at sleep

[#73] (Jiang, et al., 2002)

resumption
Breastfeeding practice with

[#55] (Ramamurthy, et al.,

resume sleep following night

2012)

waking (nursing only vs.
bottle fed)
(ii) Other parenting practice
[#15] (7)(Collings, et al., 2017)

Previous breastfeeding

[#23] (Ekstedt, et al., 2017a)
[#80] (Diethelm, et al., 2011)

Current breastfeeding

[#55] (14)(Ramamurthy, et al.,

[#55] (15)(Ramamurthy, et al., 2012)
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2012)
(iii) Parents’ emotion and behavior
[#53] (M) (Nevarez, et al.,

Parental depression

1/1

-

0/1

0

1/1

-

1/1

-

1/5

00

[#73] (Jiang, et al., 2002)

0/1

0

[#73] (Jiang, et al., 2002)

0/1

0

[#73] (Jiang, et al., 2002)

0/1

0

[#71] (Yu, et al., 2017)

1/2

?

1/1

-

2/2

-

2010)
[#89] (M)(Chatterjee, et al., 2018)

Parental stress
Parental nighttime sleep

[#73] (Jiang, et al., 2002)

duration
Parental bedtime

[#73] (Jiang, et al., 2002)

Parent smoking

[#53]

(M)

(Nevarez, et al.,

2010)

[#53]

(16)

(Nevarez, et al., 2010)

[#73] (Jiang, et al., 2002)
[#80] (Diethelm, et al., 2011)
[#89] (M)(Chatterjee, et al., 2018)

Parental relationship
(iv) Other social and cultural variables
Recent unexpected accident
happening
V. Environmental
(i) Sleep environment
Quiet nighttime sleep
environment
Sleeping location (in parents'

[#73] (Jiang, et al., 2002)

room vs. not in parents' room)
[#10] (L) (Cespedes, et al.,

Bedroom TV

2014)
(ii) Other environmental variables
Urbanicity

[#7] (Bottino, et al., 2012)
[#38] (Koch, et al., 1984)

Population density

[#7] (Bottino, et al., 2012)

0/1

0

Closeness to primary

[#7] (Bottino, et al., 2012)

0/1

0

[#35] (Klackenberg, 1968)

0/2

0

highways
Household chaos

[#113](Whitesell, et al., 2018)

[#99](Khatiwada, et al., 2018)
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Childcare attendance

[#53] (Nevarez, et al., 2010)

1/1

+

Weekend (vs.weekday)

[#97] (Ji, et al., 2018)

1/1

+

L, longitudinal association; M, maternal; P, paternal; GD, meeting sleep guideline; B, boys; I, infant; T, toddler.
+, positive association; ++ positive association for 4 or more times; -, negative association; -- negative association for 4 or more times; 0, no association; 00, no association for 4 or more times; ?, inconsistent
association; ??, inconsistent association for 4 or more times
Note:
1. At 36 months.
2. At 12,18 and 24 months.
3.In South Asian children, sleep duration was associated with weight, BMI and percentage body fat.
4.Cross-sectionally, BMI z-score was negatively associated with total sleep duration at 14 and 36 months but not at 6 months. Prospectively, BMI z-score at 6 months was negatively associated with total sleep
duration at 14 months but not at 36 months; BMI z-score at 14 months was not associated with total sleep duration at 36 months.
5.In South Asian children, sleep duration was associated with waist circumference and sum of skinfolds. In White children, sleep duration was not associated with weight, BMI, percentage body fat, waist
circumference, sum of skinfolds.
6.Total sleep duration was negatively associated with BMI z-score at 3.5 years but was associated not at 1, 2 and 5 years in children (correctionally); Total sleep duration at 5 years was not associated with fat-free
mass or percent fat at 5 years in the same sample of children.
7.In South Asian children subgroup.
8.Increased maternal eveningness chronotype was not associated with short total duration at 3, 18 and 24 months.
9.Increased paternal eveningness chronotype was not associated with short total duration at 3, 8, 18 and 24 months.
10.Social competence was positively associated total sleep at 42 months but not at 18 and 30 months.
11.Actigraph-derived total activity count (but not mean activity level and peak activity level) was negatively associated with nighttime sleep duration.
12.The percentage of wake time that children spent in screen time and restricted movement (high chairs, swings, or bouncer seats) was not associated with nighttime sleep duration.
13.In the evening meal.
14.Children who were currently breastfed had significantly longer nap(s) duration than those who were not at the age <6 months.
15. There was no significant difference in nap between children who were currently breastfed in children≥6 months.
16. Total sleep duration was not associated with number of household members who smoked.
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Abstract
Study objective: To explore the correlates of nocturnal sleep duration, nocturnal sleep variability and
nocturnal sleep problems in a sample of Australian toddlers.
Methods: Participants were 173 toddlers (average age 19.7±4.1 months) from the GET UP! Study.
Nocturnal sleep duration, nocturnal sleep variability, nap(s) and physical activity were measured using
24-h accelerometry (Actigraph GT3X+) over 7 consecutive days. Nocturnal sleep problems were
assessed using the Tayside Children’s Sleep Questionnaire. Screen time was reported by the parents.
Logistic regression models were used to examine the associations between potential correlates (i.e.,
age, sex, socio-economic status, weight status, physical activity, screen time, nap(s), bedtimes, and
wake-up times) and nocturnal sleep characteristics.
Results: Older children were more likely to have greater sleep variability (OR:1.97; 95%CI:1.08-3.61).
Less physical activity (OR:2.38; 95%CI:1.27-4.45), shorter nap(s) (OR:2.42, 95%CI:1.29-4.55) and
later wake-up times (OR: 4.42; 95%CI:2.32-8.42) were associated with higher odds of having longer
nocturnal sleep duration. Late bedtimes were associated with shorter nocturnal sleep duration
(OR:0.09;95%CI: 0.04-0.18) and with greater nocturnal sleep variability (OR:1.97; 95%CI:1.06-3.68).
None of the potential correlates were associated with nocturnal sleep problems.
Conclusion: The present study identifies several correlates of nocturnal sleep duration (total physical
activity, nap(s), bedtime and wake-up time) and nocturnal sleep variability (age and bedtime), whereas
no correlates were identified for nocturnal sleep problems. The association between late bedtimes and
shorter nocturnal sleep duration and greater nocturnal variability suggests that these may be modifiable
targets for future sleep interventions in early childhood.
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9.1 Introduction
Sleep plays an important role in growth, development and health in the early years (Miller, Lumeng, &
LeBourgeois, 2015; Sivertsen et al., 2015; Winkler et al., 2017). Short sleep duration during the first
five years of life has been associated with higher levels of adiposity (Chaput et al., 2017a; Hager et al.,
2016; Suglia, Duarte, Chambers, & Boynton-Jarrett, 2013), increased risk of psychological problems
(Chaput, et al., 2017a; Jansen et al., 2011), impaired growth (Chaput, et al., 2017a) and lower school
readiness (Tso et al., 2016). Greater nocturnal sleep variability, referred to the variations in nocturnal
sleep durations (sometimes referred as variations in sleep/wake patterns) (Becker, Sidol, Van Dyk,
Epstein, & Beebe, 2017), has been associated with poorer preschool adjustment (Bates, Viken,
Alexander, Beyers, & Stockton, 2002), behaviour problems (Bates, et al., 2002) and less efficient neural
processing (Hoyniak, Petersen, McQuillan, Staples, & Bates, 2015) in young children. Nocturnal sleep
problems, especially the difficulties in initiating and maintaining sleep, are commonly found in young
children (Allen, Howlett, Coulombe, & Corkum, 2016) and are likely to impact children’s socioemotional functioning (Hysing, Sivertsen, Garthus-Niegel, & Eberhard-Gran, 2016). These
implications for growth development and health make it important to understand the correlates of
nocturnal sleep in the early years of life, when sleep patterns are being established (Bathory and
Tomopoulos, 2017; Galland, Taylor, Elder, & Herbison, 2012; Sadeh, Mindell, Luedtke, & Wiegand,
2009).

Physical activity has been pointed out as a potential correlate of sleep. The few studies that have
examined the associations between total physical activity and nocturnal sleep characteristics in preschoolers have reported mixed results (Duraccio and Jensen, 2017; Hager, et al., 2016; Schmutz et al.,
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2017; Wang et al., 2016; Williams, Farmer, Taylor, & Taylor, 2014). Previous studies reported null
associations between moderate-to-vigorous physical activity (MVPA) and nocturnal sleep duration in
pre-schoolers (Duraccio and Jensen, 2017; Schmutz, et al., 2017; Williams, et al., 2014). Despite limited
research in toddlers, there is evidence suggesting a positive association between MVPA and nocturnal
sleep duration (Hager, et al., 2016). The inconsistency in previous literature requires greater
understanding of the associations between physical activity and nocturnal sleep characteristics in early
childhood, especially in toddlerhood.

Screen time has also been suggested as a correlate of nocturnal sleep duration. Longer screen time has
been associated with shorter nocturnal sleep duration among pre-schoolers (Cheung, Bedford, De
Urabain, Karmiloff-Smith, & Smith, 2017; Downing, Hinkley, Salmon, Hnatiuk, & Hesketh, 2017) and
toddlers (McDonald, Wardle, Llewellyn, van Jaarsveld, & Fisher, 2014). Previous studies have shown
that television viewing for more than two hours per day may negatively impact nocturnal sleep duration
in pre-schoolers (Jones and Fiese, 2014; Scharf and DeBoer, 2015). However, with the advent of other
electronic devices (e.g., tablets and smart phones) screen time encompasses more that television
viewing and, therefore, the impact of the use of these devices by young children on nocturnal sleep
needs to be taken into consideration when examining the correlates of nocturnal sleep. With the
development of screen time guidelines for young children in a few countries (Okely et al., 2017;
Tremblay et al., 2017), it may also be important to understand whether meeting the guideline is
associated with nocturnal sleep duration as well as with other nocturnal sleep characteristics in these
children.
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More studies are still warranted to understand the associations between nocturnal sleep and other sleep
characteristics in young children. For example, nap, as an important part of sleep patterns in the first 5
years of life (Thorpe et al., 2015), has been explored in association with nocturnal sleep duration among
young children; however, results were mixed (Cheung, et al., 2017; Dionne et al., 2011; El-Sheikh,
Arsiwalla, Staton, Dyer, & Vaughn, 2013; Fisher et al., 2014; Hager, et al., 2016; Jones and Ball, 2013;
Lam, Mahone, Mason, & Scharf, 2011; Plancoulaine et al., 2017; Wilson, Miller, Lumeng, & Chervin,
2014a). More consistent findings have been reported in the associations between late bedtimes in
toddlers and shorter nocturnal sleep duration (Cheung, et al., 2017; Hager, et al., 2016; McDonald, et
al., 2014), whereas little is known regarding the associations between bedtimes and nocturnal sleep
problems or nocturnal sleep variability at this age (Molfese et al., 2015).

At the same time, some demographic variables have been associated with nocturnal sleep characteristics
in early childhood and, therefore, may potentially be considered as correlates. For example, age has
been associated with nocturnal sleep duration in children under the age of 3, with younger children
having a longer nocturnal sleep duration than older children (Mindell et al., 2016; Sadeh, et al., 2009).
Sex may also be a correlate of nocturnal sleep duration in toddlers, with evidence suggesting boys are
more likely to have shorter nocturnal sleep duration than girls (McDonald, et al., 2014). However, a
recent systematic review (Becker, et al., 2017) did not find sex differences in nocturnal sleep variability
in preschool-aged children. In previous studies (Bathory and Tomopoulos, 2017; Hager, et al., 2016;
McDonald, et al., 2014), socio-economic status has also been associated with nocturnal sleep duration
in young children. For example, a study with 240 US toddlers from low-income families(Hager, et al.,
2016) found that children from families below the poverty threshold had shorter nocturnal sleep
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duration, compared with those from more affluent families. Weight status may also be a nocturnal sleep
correlate as evidence has suggested that young children with overweight are more likely to have shorter
nocturnal sleep duration (Anderson and Whitaker, 2010; Hager, et al., 2016; Scharf and DeBoer, 2015).
Thus, age, sex, socio-economic status and weight status should also be accounted for when examining
the associations between nocturnal sleep characteristics and other potential correlates (e.g., physical
activity).

Collectively, only a limited number of studies have investigated those potential correlates in
associations with nocturnal sleep characteristics in toddlerhood, especially as it relates to sleep
variability (Becker, et al., 2017) and sleep problems (Byars, Yolton, Rausch, Lanphear, & Beebe, 2012).
Moreover, sleep characteristics in previous studies (Anderson and Whitaker, 2010; Cheung, et al., 2017;
Dionne, et al., 2011; Downing, et al., 2017; Duraccio and Jensen, 2017; El-Sheikh, et al., 2013; Fisher,
et al., 2014; Hager, et al., 2016; Jones and Fiese, 2014; Jones and Ball, 2013; Lam, et al., 2011;
McDonald, et al., 2014; Mindell, et al., 2016; Sadeh, et al., 2009; Scharf and DeBoer, 2015; Schmutz,
et al., 2017; Wang, et al., 2016; Wilson, Miller, Lumeng, & Chervin, 2014b) were assessed
predominantly with subjective measures (mainly parental reports), which are less accurate than
objective measures (Sadeh, 2008; Werner, Molinari, Guyer, & Jenni, 2008) and could, therefore, affect
the strength of the evidence. The current gaps warrant future research on the correlates of nocturnal
sleep characteristics in the early years, since this could inform the design of future interventions aimed
at improving nocturnal sleep in young children.

Thus, the objective of this study was to explore the correlates of nocturnal sleep duration, nocturnal

295

sleep variability, and nocturnal sleep problems in a sample of Australian toddlers. Our hypothesis was
that being a girl or having higher socio-economic status would be more likely to have longer nocturnal
sleep duration, greater nocturnal sleep variability and more sleep problems, whereas older children or
overweight children would be less likely to have longer nocturnal sleep duration, greater nocturnal sleep
variability and more sleep problems. We also hypothesised that toddlers having shorter nap(s) duration
or late wake up time would be more likely to have longer nocturnal sleep duration, greater nocturnal
sleep variability and more sleep problems, whereas toddlers spending less time in total physical activity
or in MVPA, not meeting the Australian screen time guideline or having late bedtime would be less
likely to have longer nocturnal sleep duration, greater nocturnal sleep variability and more sleep
problems, after adjusting for covariates including age, sex, socioeconomic status and weight status.

9.2 Methods
9.2.1 Participants
Baseline data from the Get Up! Study (Santos et al., 2016), a 12-month cluster randomized controlled
trial (RCT) aimed at examining the effects of reducing sitting time on cognitive development and
executive functions in Australian toddlers, were secondarily analysed. Sampling and data collection
procedures of the RCT are described elsewhere (Santos, et al., 2016). Briefly, 335 toddlers aged
between 12-28 months (on average 19.8 ± 4.1 months) at baseline participated in the RCT. Of these,
284 had valid accelerometer data and 173 had complete data on all the other variables of interest,
including at least two 24-h periods of the data and therefore constitute the final sample of the current
analysis. Children who were excluded did not significantly differ in their descriptive characteristics
from those who were included in the present analysis. The University of Wollongong’s Human
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Research Ethics Committee approved the study protocol (HE15/236) and the study was registered in
the Australian and New Zealand Clinical Trials Registry (ACTRN12616000471482, 11/04/ 2016,
retrospectively registered).

9.2.2 Measures
Accelerometry data
Sleep (including nap and nocturnal sleep) and physical activity were assessed using waist-worn
accelerometers (Actigraph GT3X+). This monitor has established validity and reliability to measure
sleep time in children (Kinder et al., 2012; Tudor-Locke, Barreira, Schuna Jr, Mire, & Katzmarzyk,
2013). Participants were asked to wear the accelerometer for 7 consecutive 24-hour periods, except for
water-based activities. In addition, activity logs registered by parents and educators were used as
complementary sources in the evaluation of nap(s), nocturnal sleep and accelerometer non-wear time.
Accelerometer data were collected using a sampling rate of 30 Hz and then integrated into 15-second
epochs (Cliff, Reilly, & Okely, 2009) for analysis. Children had to have at least two 24-h periods of
accelerometer data to be considered for analysis.

Sleep duration, sleep timing and sleep variability
Accelerometry data were visually inspected minute by minute, considering the activity logs, in order to
identify nap(s), bedtimes and wake-up times. Bedtime was initially located when a change in the
accelerometer output from the sitting or standing position to the lying or off position was detected
(Tudor-Locke, et al., 2013), which should roughly agree with the nap and bedtimes registered in the
activity logs. Bedtime was then identified as the first minute followed by at least 10 consecutive minutes
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with a vector magnitude of 0 in the accelerometer data files. Wake-up time was first located when a
change in the inclinometer output from the lying or off position to the sitting or standing position was
detected, which should roughly agree with the nap and wake-up time registered in the activity logs.
Wake-up time was then identified as the first minute of at least 10 consecutive minutes with a vector
magnitude of >0.

Nocturnal sleep duration was defined as time between bedtime and wake-up time. Average nap and
nocturnal sleep duration were categorized into two groups (shorter vs. longer durations) according to
the median values (nap: 87.2 min/day; nocturnal sleep: 646.8 min/day). Nocturnal sleep timing
(bedtime/wake-up time) was calculated as the mean over days with valid data. Using median split
(19:54:00) for bedtime of the sample, participants were classified into two groups: early bedtime and
late bedtime. Similarly, participants were also classified as either an early wake-up time group or late
wake-up time group, according to the median value of the sample (6:46:29 am). Nocturnal sleep
variability was identified as the intra-subject standard deviation over the days with valid data and was
categorized into two groups according to the median (59.2 min/day)

Physical activity
After identifying sleep period times, accelerometers data were analysed by an automated data reduction
program (ActiLife Software, Version 6.12.1 for Windows) to identify the duration and intensity of
physical activity. Additionally, 20 minutes of consecutive minutes of zero counts of the accelerometer
were flagged as non-wear awake time (Cliff, et al., 2009) and were also excluded from the analysis.
Physical activity was classified using the following cut-points for toddlers (Trost, Fees, Haar, Murray,
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& Crowe, 2012): light-intensity physical activity (25-420 counts/15 sec) and MVPA (>420 counts/15
sec). Total physical activity duration was also calculated as the sum of light-intensity physical activity
and MVPA. Average total physical activity duration was initially dichotomized according to current
Australian physical activity guidelines (180 minutes of total physical activity for toddlers) (Okely, et
al., 2017). However, most children (98.8%) in the sample met the guideline, making this classification
inappropriate for further statistical analyses. Therefore, median split (302.9 min/day) for total physical
activity was used instead to dichotomize the sample. Average MVPA duration was also categorized
into two groups according to the median (55.1 min/day)

Questionnaire data
Age, sex, nocturnal sleep problems and screen time were reported by parents.

Age
Age was dichotomized according to the median value (20 month).

Nocturnal sleep problems
Sleep problems were assessed using the Tayside Children’s Sleep Questionnaire, which is a 10-item
scale (Table 9.S1) that evaluates the ability of initiating and maintaining sleep in children aged 1-5
years (McGreavey, Donnan, Pagliari, & Sullivan, 2005; Spruyt and Gozal, 2011). For each item, the
scores range from 0 to 4. For the first question, the 5-point scale is rated according to intensity: “How
long after going to bed does your child usually fall asleep?” (0 = ≤ 15 min, 1 = 15-30 min, 2 = 30-45
min, 3= 4560 min, and 4 ≥ 60 min); and for the remaining questions the 5-point scale are rated according
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to frequency (0 = the sleep behaviour never occurs; 1 = the problem occurs once or twice a month; 2 =
occurs one or two times a week; 3 = occurs between three and five nights a week and 4 = the sleep
problem happens every night). Only the first nine questions are designed to be summed, with a possible
cumulative score ranging from 0 to 36; higher scores indicate more sleep problems (McGreavey, et al.,
2005); question 10 is to ascertain parents’ perception of the problem. The sample was dichotomized
according to a diagnostic cut-off score of 8, with higher score indicating disorders in initiating and
maintaining sleep (McGreavey, et al., 2005). The Cronbach’s alpha for the full scale was 0.79 in our
sample and removing question 10 only affected the parameter marginally to 0.78.

Screen time
Screen time was assessed with the question ‘For how long does this child use screen entertainment, on
a typical weekend day?’ and ‘For how long does this child use screen entertainment, on a typical
weekday?’ According to parents’ reports, daily average screen time was calculated as: (weekday screen
time * 5 + weekend day screen time * 2) / 7. Participants were classified into two groups (meeting the
guideline vs. not meeting the guideline), according to the current Australian guidelines for screen time
in young children (none for children under 2 years and ≤ 60min/day for children aged 2-5 years) (Okely,
et al., 2017).

Socio-economic status data
Participants’ socio-economic status was assessed using the family postcode address considering the
Australian Socio-Economic Indexes for Areas 2011 (SEIFA-Index of Relative Socio-Economic
Disadvantage) (Pink, 2011). The index ranges from 1 to 10 (higher index indicates relatively less socio-
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economic disadvantages (Pink, 2011)). Participants were categorized in three groups: low socioeconomic status (SEFIA=1-3); middle socio-economic status (SEFIA=4-6); and high socio-economic
status (SEIFA=7-10). Participants were also dichotomized according to the median value of 4 for this
indicator as: low socio-economic status and middle to high socio-economic status.

Anthropometry data
Height and weight were measured according to standard procedures (Santos, et al., 2016). Body mass
index (BMI) was then calculated as weight (kg)/height (m)2. Participants were also classified as nonoverweight (underweight or normal weight) or overweight/obese according to the World Health
Organization age and sex specific criteria (Onis, 2006).

9.2.3 Statistical analysis
Descriptive characteristics are presented as means and standard deviation or percentages. Preliminary
analysis precluded from performing linear regression analysis, as the residuals from linear regression
models were not normally distributed. Therefore, the dependent variables were dichotomized using a
median split; logistic regression analyses were performed instead to examine the relationships between
potential correlates (i.e., age, sex, socio-economic status, body mass index, physical activity, screen
time, nap(s), bedtimes, and wake-up times) and nocturnal sleep duration, sleep variability or sleep
problems as dependent variables. The choice of potential correlates was based on previous evidence
and availability of data.

A sensitivity analysis was performed with children with at least three days accelerometer data, and the
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results remained the same. Statistical analyses were performed using SPSS 21.0 (IBM, USA).
Significance level was set at p<0.05.

9.3 Results
Descriptive characteristics of the participants are presented in Table 9.1. On average, nocturnal sleep
duration was 10.9 ± 1.2 h/night and the sleep variability was 87.4 ± 122.0 min. Almost 60% of toddlers
had problems initiating and maintaining nocturnal sleep, whereas none of the parents of our sample
perceived sleep problems in their children. Regarding accelerometer wear time, 4.6% of the participants
had two 24-h days, 8.1% had three days, 6.9% had four days and 80.4% had five or more days of
accelerometer data; children were monitored on average for 5.8 ± 1.6 days.

As shown in Table 9.2, after adjustments for covariates, children with late wake-up times (OR: 4.42;
95% CI: 2.32-8.42), shorter nap(s) (OR: 2.42, 95% CI: 1.29-4.55) and less total physical activity (OR:
2.38; 95% CI: 1.27-4.45) were more likely to have longer nocturnal sleep duration. In contrast, children
with late bedtimes were less likely to have longer nocturnal sleep duration than those with early
bedtimes (OR: 0.09; 95% CI: 0.04-0.18).

Older children were also likely to have greater nocturnal sleep variability (OR: 1.97; 95% CI: 1.083.61). Late bedtimes were associated with nocturnal sleep variability after adjusting for covariates (OR:
1.97; 95% CI: 1.06-3.68) (Table 9.3). None of the potential correlates were associated with nocturnal
sleep problems (Table 9.4).
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9.4 Discussion
9.4.1 Overview of findings
The results indicate that less physical activity, shorter nap(s) duration, and late wake-up times were
associated with increased odds of having longer nocturnal sleep duration in toddlers, whereas late
bedtimes were associated with reduced odds of having longer nocturnal sleep duration. At the same
time, older children and those with late bedtimes were more likely to have greater nocturnal sleep
variability.

Previous studies, with subjective measures (e.g., parental questionnaires) of nocturnal sleep duration,
have reported mixed results regarding the association between physical activity and nocturnal sleep in
young children (Hager, et al., 2016; Schmutz, et al., 2017; Wang, et al., 2016). However, our results
suggest an inverse relationship between physical activity and nocturnal sleep in toddlers. This is
consistent with recent cross-sectional findings from pre-schoolers and school-aged children in studies
that used actigraphy to assess sleep (Greever, Ahmadi, Sirard, & Alhassan, 2017; Pesonen et al., 2011;
Williams, et al., 2014). One possible explanation is that the time spent in physical activity displaces the
time spent in sleep, or vice versa. Specifically, in a 24-h period, a reduction in the time spent in one
activity (i.e., sleep, physical activity, or sedentary behaviour) may intrinsically relate to an increase in
the duration of other activities, given the finite nature of time (Chastin, Palarea-Albaladejo, Dontje, &
Skelton, 2015; Pedišić, 2014). For example, children with more total physical activity are likely to
spend less time in nocturnal sleep if they still spend the same amount of time on other daily routine
activities (e.g. having meals, being with family members or watching television) as those who have less
total physical activity. As total physical activity and nocturnal sleep represent large proportions of daily
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time, the durations of these two activities tend to be inversely related. This hypothesis is further
supported by the findings of a recent study (Pesonen, et al., 2011) using temporal analysis, in which a
negative association was found between physical activity during the day and sleep duration on that
night, as well as between nocturnal sleep duration and physical activity on the following day. Due to
this intrinsically co-dependent relationship between total physical activity and nocturnal sleep in a 24hour period, future studies are recommended to use novel statistical analysis method, such as
compositional data analysis (Pedišić, 2014), to further understand the association between total physical
activity and nocturnal sleep duration, as well as their relationships with health outcomes (Chaput,
Saunders, & Carson, 2017b; Chastin, et al., 2015; Pedišić, 2014). Furthermore, some recent studies
have reported that increased physical activity was associated with better nocturnal sleep quality (e.g.
efficiency of staying sleep (Chaput, et al., 2017b)) in adolescents (Lang et al., 2013; Wu, Tao, Zhang,
Zhang, & Tao, 2015; Wunsch, Kasten, & Fuchs, 2017). It could be important for future studies to
consider sleep quality when understanding the influence of total physical activity on young children’s
nocturnal sleep.

Results from studies in adults have consistently shown that exercise is beneficial for nocturnal sleep
(Kredlow, Capozzoli, Hearon, Calkins, & Otto, 2015). However, the findings regarding the association
between MVPA and nocturnal sleep duration in children are equivocal. In our study, MVPA was not
associated with nocturnal sleep duration, which is in contrast to the positive association found in a
previous study in the US, with 240 toddlers from low socio-economic families (Hager, et al., 2016).
Our study is consistent with the null association that was reported in pre-schoolers (Williams, et al.,
2014). Indeed, there are several proposed pathways linking MVPA with better sleep in adults, such as
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fatigue (Uchida et al., 2012), increased energy consumption (Morselli, Guyon, & Spiegel, 2012), and
changes in mood/anxiety symptoms (Buman and King, 2010; Uchida, et al., 2012). However, children,
especially those under five years (Bathory and Tomopoulos, 2017), may react differently to MVPA,
due to their immature sleep regulation system and sleep pattern (Galland, et al., 2012). A further
understanding of how MVPA impacts nocturnal sleep in young children warrants future work to explore
the potential causal relationships, as well as relevant physiological mechanisms.

Nap is a distinct sleep component in early childhood. During this period, frequencies and durations of
daytime nap(s) gradually decline as nocturnal sleep becomes consolidated (Bathory and Tomopoulos,
2017; Galland, et al., 2012; Thorpe, et al., 2015). In our study, shorter nap(s) in toddlers was associated
with longer nocturnal sleep duration, which is consistent with recent findings from a systematic review
in children under five years of age (Thorpe, et al., 2015). Despite the inverse association, daytime nap(s)
is unlikely to be a substitute for nocturnal sleep, as they tend to have different physiological functions
for young children (Bell and Zimmerman, 2010; Chaput, et al., 2017a; Jones and Ball, 2013; McDonald,
et al., 2014). For example, nap(s) may reduce daytime physiological stress by reducing cortisol levels
(Ward, Gay, Alkon, Anders, & Lee, 2008); whereas nocturnal sleep is likely to promote physical growth
(Tikotzky et al., 2010) as the largest peak secretion of growth hormone occurs after nocturnal sleep
onset (Tham, Schneider, & Broekman, 2017). Although current sleep guidelines refer to 24-hour sleep
duration for young children (Matricciani, Blunden, Rigney, Williams, & Olds, 2013), the optimal
distribution between nap(s) and nocturnal sleep remains unknown. It will be important for future studies
to identify the optimal distribution that maximizes health benefits, by examining the dose-response
relationships between combinations of nap(s) and nocturnal sleep duration and health outcomes.
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In our study, toddlers with a late bedtime were less likely to sleep longer at night, which is consistent
with previous findings in toddlers and infants (Bathory and Tomopoulos, 2017; Mindell, et al., 2016;
Mindell, Sadeh, Wiegand, How, & Goh, 2010). We also found that late wake-up times were associated
with longer nocturnal sleep duration. However, young children with late bedtimes may not naturally
wake-up late to maintain nocturnal sleep duration, since late bedtimes may influence nocturnal sleep
duration through the melatonin rhythm, a reliable marker of the circadian rhythm that regulates sleep
(Keijzer, Smits, Duffy, & Curfs, 2014; Keijzer, Spruyt, Smits, de Geest, & Curfs, 2017). Specifically,
late bedtimes can delay melatonin rhythm (Burgess and Eastman, 2004), which in turn can shorten
melatonin rhythm duration (Rajaratnam, Dijk, Middleton, Stone, & Arendt, 2003; Wehr et al., 1993),
and, therefore, decrease nocturnal sleep duration (Aeschbach et al., 2003). Our results also show that
late bedtimes were associated with greater nocturnal sleep variability. The associations between late
bedtimes and nocturnal sleep outcomes may be important when considering interventions to promote
nocturnal sleep in young children.

In previous studies, screen time has been associated with shorter nocturnal sleep duration (Cespedes et
al., 2014; Magee, Lee, & Vella, 2014; Marinelli et al., 2014; McDonald, et al., 2014; Vijakkhana,
Wilaisakditipakorn, Ruedeekhajorn, Pruksananonda, & Chonchaiya, 2015), irregular bedtime schedule
(Thompson and Christakis, 2005) and sleep problems (Garrison, Liekweg, & Christakis, 2011;
Paavonen, Pennonen, Roine, Valkonen, & Lahikainen, 2006) in pre-schoolers. However, in our study,
not meeting the Australian screen time guideline was not associated with any of the nocturnal sleep
outcomes. One reason for the discrepancy could be due to the younger age range of our sample, since
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the majority of the significant findings regarding the associations between screen time and nocturnal
sleep characteristics have been reported in studies with preschool-aged children (Downing, et al., 2017;
Jones and Fiese, 2014; Scharf and DeBoer, 2015). Indeed, the associations may vary with age, because
of the significant developmental trend of young children’s sleep. For example, in a study with 7,000
pre-schoolers in the US, there was no significant difference in nocturnal sleep duration between children
with more than 2 hours of television viewing per day and children watching less than 2 hours of
television per day at the age of four years; yet the difference was significant at the age of five years
(Scharf and DeBoer, 2015). Second, the timing of screen use may influence the association between
nocturnal sleep characteristics and screen time; however, it was not assessed in the present study. For
example, in a previous British study with 1,702 toddlers, shorter nocturnal sleep duration and later
bedtime were associated with more than 1 hour of television watching in evening; however there was
no significant association between nocturnal sleep duration and television viewing for more than 1-hour
per day in morning (McDonald, et al., 2014). This is likely to be explained by the prolonged light
exposure of screen before bedtime that suppresses the secretion of melatonin (Cajochen et al., 2011;
Chang, Aeschbach, Duffy, & Czeisler, 2015) as well as inappropriate content (e.g. violence) in screen
use that increase arousal and anxiety (Garrison, et al., 2011), which in turn may disturb nocturnal sleep.
In this light, it may be important for future studies in toddlers to consider the timing of screen use when
looking into the association between nocturnal sleep characteristics and screen time. Lastly, the
significant findings reported by previous studies used examining the association between nocturnal
sleep duration and the minutes of screen time or a cut-off of 2 hours of television viewing time. Given
that (i) in our study the guideline cut-off for screen time was lower than that in previous studies, and
that (ii) screen time in some studies (McDonald, et al., 2014; Scharf and DeBoer, 2015) was not just
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limited to television viewing, it could be that the guideline cut-off used in our study (i.e., no screen time
for children under 2 years and 1 hour of screen time for children aged 2 years old or above) was too
strict to influence nocturnal sleep. However, this hypothesis needs to be tested in future studies looking
at the dose-response relationship between nocturnal sleep and screen time.

In our study, older children were more likely to have greater sleep variability than young children,
whereas null associations were reported in pre-schoolers (Acebo et al., 2005; Vaughn, Elmore-Staton,
Shin, & El-Sheikh, 2015). We also found that age was not associated with nocturnal sleep duration or
sleep problems. However, age has been reported as a correlate of nocturnal sleep duration in children
under 3 years (i.e., infants tend to sleep more than toddlers) (Mindell, et al., 2016; Sadeh, et al., 2009).

A recent British twin cohort study (McDonald, et al., 2014) with 1702 toddlers found that boys were
more likely to have shorter nocturnal sleep duration than girls, which contrasts with our findings. Being
a girl was also not associated with nocturnal sleep variability in our study, which is in line with previous
findings in pre-schoolers (Becker, et al., 2017).

Although socio-economic status and weight status have been associated with nocturnal sleep
characteristics in previous studies (Hager, et al., 2016; Jiang et al., 2009; McDonald, et al., 2014; Miller
et al., 2014), these factors were not associated with nocturnal sleep duration, sleep variability or sleep
problems in our study.

In a study involving 184 US pre-schoolers from low-income communities, the average nocturnal sleep
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variability was 1 hour (Bates, et al., 2002). Compared to these older children, the nocturnal sleep
variability in our toddlers was relatively high, approximately 1.5 hours on average, while few correlates
were identified herein. At the same time, 60% of toddlers in this study had problems in initiating and
maintaining nocturnal sleep whereas none of the potential correlates examined in this study were
associated with sleep problems. These null results seem to be consistent with previous studies. For
example, a null association has been reported between nap(s) duration and nocturnal sleep variability
(El-Sheikh, et al., 2013) and nocturnal sleep problems (Cheung, et al., 2017). Perhaps the correlates of
nocturnal sleep variability and sleep problems in young children are other factors, such as parents’
beliefs, knowledge and practice (Bathory and Tomopoulos, 2017; Galland, et al., 2012; Sadeh,
Tikotzky, & Scher, 2010; Tikotzky and Shaashua, 2012). For example, despite the high prevalence of
sleep problems in our sample, none of the parents perceived the problems in their children. At the same
time, environmental factors, such as bedroom arrangement (i.e. television in the bedroom (Cespedes, et
al., 2014; Falbe et al., 2015), temperature (Kim, Chun, & Han, 2010; Lan, Lian, & Lin, 2016),
ventilation (Kim, et al., 2010; Strøm-Tejsen, Zukowska, Wargocki, & Wyon, 2016), noise (Öhrström,
Hadzibajramovic, Holmes, & Svensson, 2006), and light (Wilson, et al., 2014b)) have been report to
that may be related to children’s nocturnal sleep, and therefore, should be taken into consideration in
future studies.

9.4.2 Strengths and limitations
To our knowledge, the present study is the first to explore correlates of nocturnal sleep duration,
nocturnal sleep variability, and nocturnal sleep problems in toddlers, with the use of 24-h accelerometer
data. Accelerometer monitoring is one important strength of our study, which allows objective measures
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of nocturnal sleep duration and variability. However, due to the cross-sectional design, causality cannot
be inferred. Second, our inclusion criteria was limited to two 24-hour periods of accelerometry data,
which may not be representative of a child’s usual sleep and other movement behaviour; however, the
average wear days of 24-hour periods were more than five days in our sample, with a majority (95.4%)
having a least three days of accelerometry data, which has been consistent with previous studies
(Ekelund et al., 2012; Santos et al., 2017). Third, our sample is not nationally representative and,
therefore, the results are not generalizable. Another limitation is the proxy-reported screen time, which
tends to be subject to parents’ bias. Lastly, due to the availability of data, some potential correlates,
such as dietary behaviours (Chaput, 2014), were not considered in the analysis.

9.5 Conclusion
The present study identifies multiple correlates of nocturnal sleep duration (i.e., total physical activity,
nap, bedtime and wake-up time) and nocturnal sleep variability (i.e., age and bedtime) in toddlers,
whereas our hypothesis regarding the correlates of nocturnal sleep problems was not confirmed by our
results. The association between late bedtimes and shorter nocturnal sleep duration as well as greater
nocturnal variability indicates its potential to be modifiable targets for future sleep interventions in early
childhood. Future studies with rigorous designs are also needed to confirm these associations and to
explore other correlates of nocturnal sleep in children of the early years.
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Table 9. 1 Sample characteristics (mean ± standard deviation)
All sample (n=173)
Age
19.73 ± 4.09
Socio-economic status
Low (% of total)
41.6
Middle (% of total)
37.0
High (% of total)
21.4
BMI
18.0 ± 1.7
Total physical activity (average min/day)
303.0 ± 51.7
MVPA (average min/day)
58.0 ± 20.2
Screen time (average min/day)
77.0 ± 62.3
Bedtime
19:57:02 ± 1:05:37
Wake time
06:51:59 ± 0:51:08
Nap (average h/day)
1.5 ± 0.4
Nocturnal sleep duration (average h/night)
10.9 ± 1.2
Nocturnal sleep variability (average min)
87.4 ± 121.0
Yes (% of total)
59.5
No (% of total)
40.5
Abbreviation: BMI, body mass index; MVPA, moderate-to-vigorous physical activity;
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Table 9. 2 Odds ratios and 95% confidence intervals of having longer nocturnal sleep duration
Nocturnal sleep duration
(mean ± standard
deviation) (average
h/night)

Unadjusted models
OR (95%CI)

Adjusted models
P-value

OR (95%CI)

p-value

Reference
0.81 (0.45-1.48)

0.50

-

Reference
0.89 (0.49-1.62)

0.71

-

Reference
0.89 (0.49-1.62)

0.70

-

Reference
1.21 (0.62-2.37)

0.58

-

Reference
2.38 (1.30-4.39)

0.01*

Reference
2.38 (1.27-4.45)

0.01*

Reference
1.07 (0.59-1.95)

0.82

Reference
1.06 (0.58-1.95)

0.84

Reference
0.99 (0.39-2.51)

0.98

Reference
0.98 (0.38-2.51)

0.97

Reference
2.27 (1.24-4.18)

0.01*

Reference
2.42 (1.29-4.55)

0.01*

Reference
0.10 (0.05-0.19)

<0.001*

Reference
0.09 (0.04-0.18)

<0.001*

Reference
4.37 (2.31-8.25)

<0.001*

Reference
4.42 (2.32-8.42)

<0.001*

Age
<20 months (n=82)
>=20 months (n=91)

10.9 ± 1.1
10.9 ± 1.2

Reference
-

Sex
Boys (n=84)
10.9 ± 1.3
Girls (n=89)
10.8 ± 1.0
Socio-economic status
Low (n=88)
10.9 ± 1.1
Middle to high (n=85)
10.8 ± 1.2
BMI
Normal weight (n=126)
10.9 ± 1.2
Overweight/obese (n=47)
10.9 ± 1.0
Total physical activity
More (n=87)
10.6 ± 1.0
Less (n=86)
11.2 ± 1.2
MVPA
More (n=86)
10.8 ± 1.1
Less (n=87)
10.9 ± 1.2
Screen time
Meeting the guideline (n=20)
11.0 ± 1.2
Not meeting the guideline (n=153)
10.9 ± 1.2
Nap
Longer (n=86)
10.6 ± 1.1
Shorter (n=87)
11.1 ± 1.1
Bedtime
Early (n=87)
11.5 ± 1.1
Late (n=86)
10.3 ± 0.8
Wake time
Early (n=87)
10.3 ± 0.8
Late (n=86)
11.1 ± 1.2
Abbreviations: BMI, body mass index; MVPA, moderate to vigorous physical activity;
Adjusted models included age, sex, socio-economic status and BMI as covariates.
* p<0.05

Reference
Reference
Reference
-
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Table 9. 3 Odds ratios and 95% confidence intervals of having greater nocturnal sleep variability
Nocturnal sleep variability
(mean ± standard deviation)
(average min/day)

Unadjusted models
OR (95%CI)

P-value

Adjusted models
OR (95%CI)

p-value

Age
<20 months (n=82)
>=20 months (n=91)

69.4 ± 73.6
103.6 ± 151.7

Reference
1.97 (1.08-3.61)

0.03*

-

Reference

Reference
0.71 (0.39-1.28)

0.25

-

Reference
0.59 (0.32-1.07)

0.08

-

Reference
0.58 (0.29-1.14)

0.12

-

Reference
1.18 (0.65-2.14)

0.59

Reference
1.27 (0.68-2.40)

0.45

Reference
1.12(0.62-2.04)

0.70

Reference
1.23 (0.66-2.31)

0.51

Reference
2.04 (0.77-5.38)

0.15

Reference
2.13(0.77-5.90)

0.15

Reference
1.02 (0.56-1.86)

0.94

Reference
1.02 (0.54-1.94)

0.95

Reference
2.06 (1.13-3.78)

0.02*

Reference
1.97 (1.06-3.68)

0.03*

Reference
1.71 (0.94-3.12)

0.08

Reference
1.72 (0.92-3.20)

0.09

-

Sex
Boys (n=84)
84.7 ± 107.2
Girls (n=89)
89.9 ± 135.0
Socio-economic status
Low (n=88)
99.0 ± 135.3
Middle to high (n=85)
75.4 ± 105.9
BMI
Normal weight (n=126)
87.0 ± 112.0
Overweight/obese (n=47)
88.3 ± 128.5
Total physical activity
More (n=87)
96.7 ± 154.7
Less (n=86)
77.9 ± 75.5
MVPA
More (n=86)
100.3 ± 155.2
Less (n=87)
74.6 ± 73.6
Screen time
Meeting the guideline (n=20)
70.7 ± 61.8
Not meeting the guideline (n=153)
89.6 ± 127.7
Nap
Longer (n=86)
78.8 ± 104.8
Shorter (n=87)
95.8 ± 137.0
Bedtime
Early (n=87)
79.5 ± 106.3
Late (n=86)
95.4 ± 136.2
Wake time
Early (n=87)
67.5 ± 71.9
Late (n=86)
107.5 ± 155.1
Abbreviations: BMI, body mass index; MVPA, moderate to vigorous physical activity;
Adjusted models included age, sex, socio-economic status and BMI as covariates.
* p<0.05

Reference
Reference
Reference
-
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Table 9. 4 Odds ratios and 95% confidence intervals of having problems initiating and maintaining nocturnal sleep
Having problems initiating
and maintaining nocturnal
sleep (%)

Unadjusted models
OR (95%CI)

Adjusted models
P-value

OR (95%CI)

p-value

Age
<20 months (n=82)
>=20 months (n=91)

63.4
56.0

Reference
0.74 (0.40-1.36)

0.33

-

Reference

60.7
58.4

Reference
0.91 (0.50-1.67)

0.76

-

65.9
52.9

Reference
0.58 (0.32-1.07)

0.08

-

59.5
59.6

Reference
1.00(0.51-1.98)

0.995

-

56.3
62.8

Reference
1.31 (0.71-2.41)

0.39

Reference
1.33 (0.71-2.50)

0.38

60.5
58.6

Reference
0.93 (0.51-1.70)

0.81

Reference
0.96 (0.51-1.79)

0.89

60.8
50.0

Reference
1.55 (0.61-3.95)

0.36

Reference
1.41 (0.55-3.65)

0.48

57.0
62.1

Reference
1.24 (0.67-2.27)

0.50

Reference
1.19 (0.63-2.25)

0.59

58.6
60.5

Reference
1.05 (0.59-1.98)

0.81

Reference
1.06 (0.57-1.96)

0.86

56.3
62.8

Reference
1.31 (0.71-2.41)

0.39

Reference
1.24 (0.67-2.30)

0.49

-

Sex
Boys (n=84)
Girls (n=89)
Socio-economic status
Low (n=88)
Middle to high (n=85)
BMI
Normal weight (n=126)
Overweight/obese (n=47)
Total physical activity
More (n=87)
Less (n=86)
MVPA
More (n=86)
Less (n=87)
Screen time
Meeting the guideline (n=20)
Not meeting the guideline (n=153)
Nap
Longer (n=86)
Shorter (n=87)
Bedtime
Early (n=87)
Late (n=86)
Wake time
Early (n=87)
Late (n=86)

Reference
Reference
Reference
-

Abbreviations: BMI, body mass index; MVPA, moderate to vigorous physical activity;
Adjusted models included age, sex, socio-economic status and BMI as covariates.
* p<0.05
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Table 9.S 1 Questions of the Tayside Questionnaire
Question
1. How long after going to bed does your child usually fall asleep
2. The child goes to bed reluctantly
3. The child has difficulty getting to sleep at night (and may require a parent to be present)
4. The child does not fall asleep in his or her own bed
5. The child wakes up two or more times in the night
6. After waking up in the night the child has difficulty falling asleep again by himself or herself
7. The child sleeps in the parent’s bed at some time during the night
8. If the child wakes, he or she uses a comforter (e.g. Dummy) and requires a parent to replace it
9. The child wants a drink during the night (including breast or bottle-feed)
10. Do you think your child has sleeping difficulties
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10.1 Main findings
This doctoral thesis found that the following environmental characteristics of ECEC centres (active
environment, sedentary opportunities, active play time, high sugar and high fat served, educators’
weight and educators’ habitual physical activity level) were associated with adiposity in early childhood
(Chapter 4). In contrast, the mediation analyses found that the following environmental characteristics
of ECEC centres: (i) space and furnishings; (ii) personal care routines; (iii) listening and talking; (iv)
activities; (v) interaction; (vi) program structure; and (vii) parents and staff”, had no statistically
significant direct effects on toddlers’ adiposity or indirect effects of the through daily movement
behaviours (physical activity, sedentary behaviour, and sleep) in our sample (Chapter 5).

Regarding the relationship between the environmental characteristics of ECEC centres and movement
behaviours, the cross-sectional findings suggested that “personal care routine” and “activity” were
positively associated with the percentage of time toddlers spend in MVPA, while “listening and talking”
was positively associated with nap(s) duration (Chapter 5). In the prospective study, toddlers’
proportion of time spent in SB at ECEC centres increased while the proportion of time spent in PA and
standing decreased over the 12-month follow-up. The environmental characteristics “interaction” and
“program structure” were negatively associated with the change in proportion of time spent in PA while
at the centres (Chapter 6).

This doctoral thesis examined the associations between movement behaviours and adiposity in toddlers.
In our sample, the cross-sectional results suggest that PA and SB were not associated with adiposity, as
measured by BMI z-score (Chapter 5), whereas total sleep duration was negatively associated with
adiposity (Chapter 7). However, total sleep duration was not prospectively associated with adiposity.
Specifically, nighttime sleep duration was negatively associated cross-sectionally, but not prospectively
with adiposity, whereas nap duration was not associated with adiposity cross-sectionally nor
prospectively. Regarding other sleep characteristics, sleep variability and sleep timing were not
associated with concurrent or subsequent adiposity (Chapter 7).
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This doctoral thesis also furthered the understanding of the correlates of sleep duration in early
childhood. In the systematic review (Chapter 8), a total of 83 correlates of sleep duration were
identified, including 18 demographic and biological correlates, 8 psychological, cognitive, and
emotional correlates, 32 behavioural correlates, 14 social and cultural correlates, and 11 physical
environmental correlates. Among the associations studied four or more times, correlates of nap(s)
duration were nighttime sleep onset/bedtime (later) (positive) and child’s age (negative). Correlates of
nighttime sleep duration were household income, nighttime sleep duration at younger age, nighttime
sleep onset/bedtime(later) and frequency of current bedtime routine (positive), as well as parental
adiposity level, nighttime sleep onset/bedtime (later) and screen time (negative); The one correlate of
total sleep duration was screen time (negative). Furthermore, in the cross-sectional study focusing on
toddlers from the GET UP! Study (Chapter 9), we found that less PA, shorter nap(s) and later wake-up
times were associated with higher odds of having longer nighttime sleep duration. Later bedtimes were
associated with shorter nighttime sleep duration and with greater nighttime sleep variability. Older
children were also more likely to have greater sleep variability. None of the potential correlates
examined were associated with nighttime sleep problems.

10.2 Overall discussion
This doctoral thesis identified six (out of 22 potential correlates) environmental correlates of ECEC
centres that were associated with young children’s weight status from the literature following the
ANGELO framework (Swinburn, Egger, & Raza, 1999). It is likely that the associations between these
environmental characteristics of ECEC centres and children’s weight status were mediated by obesityrelated behaviours. For example, “active environment” (belonging to physical environmental domain)
was associated with children’s weight status, possibly mediated through their PA, while the mediator
for the association between “sedentary opportunities” (belonging to the political environmental domain)
and children’s weight status could be their SB. However, there were no environmental characteristics
associated with children’s weight status that were potentially mediated by sleep duration, although
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sleep, especially nap(s), was largely influenced by environmental cues, and sleep duration has been
associated with adiposity in young children (Brescianini et al., 2011; Fisher, van Jaarsveld, Llewellyn,
& Wardle, 2012; Touchette et al., 2013).

The two sociocultural environmental correlates of children’s weight status that were identified (i.e.,
“educators’ weight” and “educators’ habitual PA level”) suggest that educators influence children’s
adiposity. This is supported by the evidence that shows educators’ characteristics, beliefs and
behaviours are related to children’s weight-related attitudes and behaviours (Ra, Yun, & Cho, 2016;
Tonge, Jones, & Okely, 2016). However, such influence on young children’s adiposity and related
behaviours remains poorly understood.

A gap in the research is that no economic environmental characteristics have been examined with young
children’s weight status. For example, it has been found in older children that school-level economic
disadvantage was associated with greater prevalence of obesity, indicating that the economic
inequalities between educational settings may affect children’s adiposity (Springer et al., 2015;
Voorhees et al., 2009). Therefore it would be important for future studies to focus on young children
who are more likely to be influenced by environmental cues (Anzman, Rollins, & Birch, 2010). It should
also be noted that all four environmental domains interact with each other to some extent, especially
with the economic environment. The types of interaction and their influence on young children’s weight
status warrants consideration in further research.

In the original study reported in Chapter 5, there were neither statistically significant direct effects of
environmental characteristics (i.e., “space and furnishings”, “personal care routines”, “listening and
talking”, “activities”, “interaction”, “program structure”, “parents and staff”) on toddlers’ adiposity nor
indirect effects through the percentage of time they spent in PA or SB or from their nap duration. One
reason for this finding could be that the environmental influence of ECEC centres may manifest over
time. Therefore, it may be difficult to be observed in children younger than two years of age
(Silventoinen et al., 2007). This is supported by findings in the systematic review (Chapter 3) where
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the associations between environmental characteristics of ECEC centres and adiposity in young
children that were examined in previous observational studies were predominantly null. Moreover,
interventions in ECEC centres with longer follow-up periods were more likely to detect changes both
in intermediate behaviours as well as in adiposity, whereas those with shorter follow-up periods tended
to only have effects on intermediated behaviours (Zhou, Emerson, Levine, Kihlberg, & Hull, 2014). In
this light, the direct and indirect relationships between environmental characteristics of ECEC centres
and adiposity in toddlers need to be further investigated through longitudinal and experimental studies
with longer follow-up periods. Furthermore, there may be other environmental characteristics (e.g.,
educators’ PA levels (Hoffmann, Tug, & Simon, 2014)) that may have indirect effects on young
children’ adiposity through their movement behaviours, which could be further examined in future
studies.

In the cross-sectional study reported in Chapter 5, the environmental characteristics “personal care
routine” and “activity” were positively associated with MVPA in toddlers. Children were more likely
to engage in MVPA when attending ECEC centres with higher “activity” ratings, compared with those
attending ECEC centres with lower ratings, possibly because ECEC centres with higher rating scores
in the “activity” subscale were more likely to provide higher quality activities and because most of the
activities observed (e.g. fine motor, gross motor, music and movement, dramatic play, sand and water
play, less use of screen devices) seemed to encourage PA (Harms, Cryer, Clifford, & Yazejian, 2017).
Interestingly, toddlers attending ECEC centres with higher rating scores in the “personal care routines”
subscale engaged in more MVPA. These centres tended to provide a higher standard of care and,
specifically, to have a greater focus on child health, hygiene and safety. It is proposed that these may
improve children’s MVPA through psychological factors, such as feeling secure and safe, since greater
psychological wellbeing has been associated with higher levels of PA in this age group (Kremer et al.,
2014; Sterdt, Liersch, & Walter, 2014). However, this speculation needs to be further confirmed in
future studies.

Toddlers’ nap duration was positively associated with the environmental characteristics “listening and
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talking”, which represent the way educators communicate with children, in terms of helping them
understand and use language, as well as using books (Harms, et al., 2017). The association may be
related to children’s language development, since previous studies have reported that infants who
napped tended to perform better in language learning than those who did not nap (Gómez, Bootzin, &
Nadel, 2006; Hupbach, Gomez, Bootzin, & Nadel, 2009). If this is the case, nap(s) duration may play
a moderating role in the relationships between language promoting environments in ECEC centres and
language development in toddlers, although more research is needed to confirm this hypothesis.

In the prospective study examining the associations between the environmental characteristics of ECEC
centres and 12-month changes in toddlers’ PA and SB while at the centres (Chapter 6), there was a
significant increase in the proportion of time that children spent in SB (sitting) while at ECEC centres
during the 12-month follow-up period, whereas the proportion of their time spent in standing and in PA
(stepping) decreased. These changes from baseline to follow up concur with previous Australian studies
in young children (Ellis et al., 2017; Peden, Jones, Costa, Ellis, & Okely, 2017). In our study, the
environmental characteristic “interaction” was negatively associated with a decrease in toddlers’ PA,
indicating that a higher quality of “interaction” in ECEC centres may preclude toddlers’ PA from
declining over time. One possible explanation is that educators in ECEC centres with higher
“interaction” quality may be more motivated to engage the children in active behaviours. This may
prevent children’s PA from declining over time as evidence suggests that educators’ intention to engage
children in PA and to provide positive prompts have been positively associated with children’s PA in
ECEC centres (A. C. Bell et al., 2015; Gagné and Harnois, 2013; Gubbels et al., 2011). “Program
structure” (including schedules, free play and group play activities) may be another factor for preventing
toddlers’ PA from decreasing over time, as this ECEC environmental characteristic was negatively
associated with the change in toddlers’ PA. Previous studies focusing on preschool-aged children have
suggested that outdoor free play and structured play are positively associated with PA levels (A. C.
Bell, et al., 2015; Henderson, Grode, O’Connell, & Schwartz, 2015). It is possible that children
attending those ECEC centres that encourage and facilitate free play and group play activities may have
a greater likelihood of maintaining their activity levels.
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There were no environmental characteristics of the ECEC centres associated with SB in toddlers in the
cross-sectional study (Chapter 5) or in the prospective study (Chapter 6). Indeed, the environmental
characteristics of ECEC centres examined in previous studies are predominantly not associated with
objectively measured SB in young children (Tonge, et al., 2016). However, ECEC centres may
encourage sedentariness as some children may spend up to 80% of their childcare day in sedentary
activities (Reilly, 2010; Santos et al., 2016). To reduce young children’s sedentary time while at centres,
more studies are needed to identify other environmental characteristics of ECEC centres associated with
SB in these children.

For Chapter 6, a limitation is that the environmental characteristics of ECEC centres were only
measured at baseline. The possible educator-turnover and children changing rooms at the follow-up
time point was not considered in this study, which may have influenced the findings. Therefore, a
sensitivity analyses in the subgroup sample, who had two observations, was further performed using
the linear mixed model. The results from the sensitivity analyses in the subgroup sample were similar
to the full sample (Table 10. S1). However, the associations between “program structure” and the
change in toddlers’ stepping time ceased to be significant in the subgroup sample, despite being very
close to significant (B=-0.90, p=0.055). The associations between “personal care routine” and the
change in toddlers’ standing time became significant in the subgroup sample, while this association was
not significant in the adjusted models in the full sample (B=1.09, p=0.088); in the unadjusted model the
associations were significant in both subgroup and full samples. Given the directions of these
associations remain the same and the changes in parameter values are minimal, one possible reason for
these different results in the subgroup is the smaller sample size. However, these results may need to
be further examined in future studies.

The cross-sectional results of this thesis suggest that toddlers’ PA and SB were not associated with
adiposity in toddlers (Chapter 5), while total sleep duration was negatively associated with adiposity
(Chapter 7). Although there is compelling evidence of inverse cross-sectional associations between PA
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and adiposity in children and adolescents (Poitras et al., 2016), the null association found in this thesis
is consistent with most cross-sectional and prospective studies in the early years (Carson et al., 2017).
The reason for the lack of association in younger children may be because the detrimental effects of
lacking PA have not yet manifested in children of this age (Santos et al., 2017). This may also be the
case for the null finding regarding the association between objectively measured SB and adiposity,
which is consistent with evidence in early childhood and in later childhood. In addition, the use of
adiposity indicator – BMI/BMI z-score, in this study as well as in the majority of previous studies with
young children, may affect the observations of the associations (Carson, et al., 2017). It has been found
in a US study with 111 pre-schoolers that the associations between MVPA and different adiposity
indicators were inconsistent: MVPA was positively associated with fat-free mass but not with BMI, fat
mass or fat mass percentage (Butte et al., 2016). Although BMI as a surrogate adiposity measure
exhibited strong correlation with dual X-ray absorptiometry in school-aged children (Boeke et al.,
2013), whether this is the case in young children in not clear. Therefore, future studies that use other
indicators that directly measure adiposity need to further examine the associations between adiposity
and PA and SB in toddlers.

The study described in Chapter 7 suggests that shorter total sleep duration was cross-sectionally
associated with higher adiposity in toddlers, which is consistent with the findings from other crosssectional studies in pre-schoolers (Diethelm, Bolzenius, Cheng, Remer, & Buyken, 2011; Scharf and
DeBoer, 2015) and in toddlers(Hager et al., 2016). Short sleep duration has been suggested to influence
the energy balance process through several biological and behavioural mechanisms, which in turn may
increase adiposity (Miller, Lumeng, & LeBourgeois, 2015). However, in this study (Chapter 7), there
was no prospective association between sleep duration and subsequent adiposity over a 12-month period
in toddlers. Although the previous prospective findings in pre-schoolers suggested that total sleep
duration is negatively associated with subsequent adiposity, the null-association is consistent with other
two longitudinal studies in Australian (Hiscock, Scalzo, Canterford, & Wake, 2011) and Danish
toddlers (Klingenberg et al., 2013). The inconsistent findings between toddlers and pre-schoolers may
be related to the developmental differences (Carter, Taylor, Williams, & Taylor, 2011). Since adiposity
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usually declines after the first year of life until around ages 3-5 (Rolland-Cachera, Deheeger, Maillot,
& Bellisle, 2006), the potential effect of short sleep over time on adiposity in toddlerhood might be
covered by this declining trend. It may be more likely to observe the potential effect in preschool-aged
children as during this period the decline in adiposity gradually becomes smaller before the adiposity
rebound at around 5-7 years (Rolland-Cachera, et al., 2006). Moreover, in this study, independent
variables including sleep duration, sleep timing and sleep variability were only measured at baseline.
To better understanding the prospective associations between children’s sleep variables and adiposity,
these variables are needed to be tracked over time at multiple timepoints in future studies.

In this study (Chapter 7), nap duration was prospectively associated with adiposity 1-year later in
toddlers, indicating that the potential effects of nap(s) on adiposity may be different from that of total
sleep duration. One underlying mechanism for the positive association between nap duration and
adiposity could be the role that cortisol levels plays in obesity development. Alternatively, the
prospective association may be the mediating effects of nighttime sleep. Previous evidence has
suggested negative associations between nap duration and nighttime sleep duration in young children
(Thorpe et al., 2015). In the further analyses, we found that nap(s) duration was indeed negatively
associated with nighttime sleep duration (Table 10. S2). This may lead to an increase in adiposity, as it
has been found that children with shortened nighttime sleep duration have higher subsequent adiposity
(J. F. Bell and Zimmerman, 2010). While we did not find any prospective association between nighttime
sleep duration and adiposity in our study, the cross-sectional association is close to significant (p=0.05).
Therefore, nighttime sleep duration may be a mediator in the association between nap duration and
adiposity in toddlers, which should be explored in future studies.

Results from the systematic review on the correlates of sleep duration in the early years (Chapter 8)
suggest that the correlates of sleep duration are multidimensional. Eleven correlates of nap(s) duration,
47 correlates of nighttime sleep duration, and 34 correlates of total sleep duration were identified using
the social ecological framework. Although demographic and biological correlates are not modifiable,
vulnerable populations (e.g., children from low-income family or single-parent family) for inadequate
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sleep may need to be prioritised in interventions. The correlates identified in the behavioural domain
suggest that encouraging earlier bedtime and limiting screen time could be an effective strategy for
promoting recommended levels of sleep duration in early childhood. From a social and cultural
perspective, parents play a critical role and have opportunities to support young children’s healthy sleep.
However, there was an absence of consistent evidence in the psychological, cognitive, and emotional
domains as well as in the physical environmental domain.

This thesis furthered the understanding of correlates of nighttime sleep (sleep duration, sleep variability
and sleep problems) in the original study reported Chapter 9. Consistent with the findings in the
systematic review (Chapter 8), shorter nap(s) in toddlers were associated with longer nocturnal sleep
duration. Despite the inverse association, daytime nap(s) is unlikely to be a substitute for nocturnal
sleep, as they tend to have different physiological functions for young children (J. F. Bell and
Zimmerman, 2010; Chaput et al., 2017; Jones and Ball, 2013; McDonald, Wardle, Llewellyn, van
Jaarsveld, & Fisher, 2014). Although current sleep guidelines refer to 24-hour sleep duration for young
children (Matricciani, Blunden, Rigney, Williams, & Olds, 2013), the optimal distribution between
nap(s) and nocturnal sleep remains unknown. It will be important for future studies to identify the
optimal distribution that maximizes health benefits, by examining the dose-response relationships
between combinations of nap(s) and nocturnal sleep duration and health outcomes.

In the study described in Chapter 9, toddlers with a late bedtime were less likely to sleep longer at night,
which is consistent with the findings from the systematic review (Chapter 8). It was also found that late
wake-up times were associated with longer nocturnal sleep duration. However, young children with late
bedtimes may not naturally wake-up late to maintain nocturnal sleep duration, since late bedtimes may
influence nocturnal sleep duration through the melatonin rhythm, a reliable marker of the circadian
rhythm that regulates sleep (Keijzer, Smits, Duffy, & Curfs, 2014; Keijzer, Spruyt, Smits, de Geest, &
Curfs, 2017). Specifically, late bedtimes can delay melatonin rhythm (Burgess and Eastman, 2004),
which in turn can shorten melatonin rhythm duration (Rajaratnam, Dijk, Middleton, Stone, & Arendt,
2003; Wehr et al., 1993), and, therefore, decrease nocturnal sleep duration (Aeschbach et al., 2003).
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10.3 Strengths and Limitations
The assessment tools used to collect movement behaviour data and environmental data from the ECEC
centres should be considered as a major strength of this doctorate thesis. Accelerometer monitoring
(Actigraph and activPAL) allowed objective measurement of the movement behaviours, which is more
accurate than subjective measurement (e.g., parental report). This is especially the case for sleep data,
which has been predominantly assessed subjectively in previous studies, with young children. Also, the
use of an observational measure (ITERS-R) allowed the objective assessment of the quality of the
environment of ECEC centres. Another strength is that all studies included had a relatively large sample
size of toddlers, for whom there is limited evidence in the literature, making the results important to
strengthen evidence base.

This study is not without limitations. First, due to the observational design, causality cannot be inferred
from the study. Secondly, although the environment of the ECEC centres was rated using a direct
observation method, the objectivity might be affected because of observer bias. However, to reduce
such bias, three trained observers were involved in the assessment. In the cases of disagreement of items
scores, consensus was reached by discussion. Third, there may be other variables that were not included
in the analyses that could confound the associations examined. For example, although dietary intake is
an important modifiable factor associated with adiposity (WHO, 2000), in the GET UP! Study, dietary
intake data were not collected. Fourth, since questionnaires and logs were completed by parents and
educators, high compliance was not guaranteed. For example, some parents reported inaccurate times
or forgot to complete the log. This has been considered, and these data were analysed with other
objectively collected data to ensure the data quality. Fifth, bad weather may influence physical activity
time, as outdoor environments in some ECEC services may be major places where children participated
in physical activity. Finally, the sample was not nationally representative and therefore, the results are
not generalizable for the Australian population aged 1-3 years.
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10.4 Conclusions
In general, the findings from this thesis suggest that the ECEC environment has an influence young
children’s adiposity. Specifically, the six environmental characteristics of ECEC centres (i.e., “active
environment”, “sedentary opportunities”, “active play time”, “high sugar and high fat served”,
“educators’ weight” and “educators’ habitual PA level”) were identified as correlates of adiposity in
young children. To promote healthy weight in young children, ECEC settings are recommended to
improve their active environments, reduce opportunities for SB and limit servings of high sugar and
high fat food, while educators should maintain normal weight and appropriate PA levels.

There was no direct association between environmental characteristics of ECEC centres and toddlers’
adiposity, nor any indirect effect mediated through their daily time spent in movement behaviours (PA,
SB and nap(s)) in this study; though, these relationships need to be confirmed by future longitudinal
and experimental studies with longer follow-up periods. A broader spectrum of environmental
characteristics of ECEC centres needs to be examined with toddlers’ adiposity in future studies as well
as potential mediators of the relationships. The mediating roles of other variables, such as children’s
stress levels or dietary intake and dietary behaviour, are also recommended to be included in future
studies.

The cross-sectional positive associations between the environmental characteristic of “activity” and
toddlers MVPA indicates that, in practice, ECEC centres could promote a higher level of PA in young
children by improving the quality of play activities and by providing more active opportunities. In
addition, more studies are needed to understand the cross-sectional positive associations between
“personal care routine” and MVPA, the cross-sectional positive associations between “listening and
talking” and nap, as well as other potential environmental characteristics associated with sedentary time,
in young children. At the same time, the environmental characteristics “interaction” and “programme
structure” were negatively associated with the change in proportion of time spent stepping (PA) over
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time. These mean that these environmental characteristics may preclude children’s PA from decreasing
over time and may be considered important targets for future interventions in ECEC centres aiming at
promoting active lifestyles.

In this thesis, toddlers’ daily time spent in PA and SB was not cross-sectionally associated with their
adiposity, whereas total sleep duration was negatively associated with their current adiposity. This
suggests that sleep may have stronger impact on toddlers’ adiposity, compared to the other two
movement behaviour. Since sleep duration is modifiable, targeting this sleep variable may be an
effective strategy to prevent overweight and obesity among young children. At the same time, sleep
variability or sleep timing was not associated with current or subsequent adiposity. However, since
relevant evidence in toddlerhood is still scarce, more research should to be replicated to confirm or rule
out this finding. Moreover, in this study, independent variables including sleep duration, sleep timing
and sleep variability were only measured at baseline. To better understanding the prospective
associations between children’s sleep variables and adiposity, these variables are needed to be tracked
over time in future studies.

A number of correlates of nap(s) duration, nighttime sleep duration and total sleep duration were
identified using a social ecological framework, indicating that the correlates of sleep duration are
multidimensional. Consistent associations found in demographic and biological domain, behavioural
domain, and social and cultural domains can inform future interventions; yet evidence of the
psychological, cognitive, and emotional domain, and in physical environmental domains is less
consistent. This thesis further identified several correlates of nocturnal sleep duration (total PA, nap(s),
bedtime and wake-up time) and nocturnal sleep variability (age and bedtime), whereas no correlates
were identified for nocturnal sleep problems. The association between late bedtimes and shorter
nocturnal sleep duration and greater nocturnal variability suggests that these may be modifiable targets
for future sleep interventions in early childhood.
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10.5 Recommendations for Future Research
Age, sex and family socio-economic levels were considered as covariates in this thesis. Evidence on
the associations between other demographic characteristics, such as children’s ethnicity, parents’
ethnicity, parents’ employment and parents’ education levels and young children’s movement
behaviours were mixed (Chapter 8). However, it is recommended for future studies to examine these
associations which could help identify at risk populations. It would be also important for future studies
to consider dietary factors (e.g., nutrient intake, food consumption and feeding practices of caregivers)
as covariates, since these are potential correlates of adiposity and may interact with sleep and screen
time (Cox et al., 2012).

In this thesis, the environmental characteristics of ECEC centres were measured using the ITERS-R, as
this instrument provides a more comprehensive perspective of the ECEC centres in terms of children’s
learning experiences and daily routines. Findings of this thesis – for example, the associations between
“interaction” and physical activity – could help incorporate movement behaviours interventions and
obesity prevention into children’s real-life experience in ECEC centres. When comparing with recent
studies assessing the quality of ECEC centres for toddlers using ITERS-R, rating scores for the total
scale and each sub-scale in this thesis are similar to a UK studies with 402 centres and higher than a
Norwegian study with 206 centres (Bjørnestad and Os, 2018; Melhuish and Gardiner, 2018). Although
this instrument has the capacity for investigating global quality, it should be noted that there may be
potential cultural or operational differences in the ECEC environments across countries. These may not
be fully identified from ITERS-R instrument and may affect the associations observed from this thesis.
However, to the best of my knowledge, this is the first study to examine the ITERS-R measured
environmental characteristics of ECEC centres in associations with movement behaviours and
adiposity, making it difficult to compare the findings in an international context. Future studies using
ITERS-R, especially from countries other than Australia, are therefore needed to further confirmed the
findings from this thesis.

It would be interesting for future studies to examine the environmental characteristics that are relatively
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directly related to children’s obesity-related behaviours. Studies using other ECEC environmental
rating scale, such as EPAO instrument, that measures nutrition, physical activity, and sedentary
practice, policies and environments in ECEC centres could further inform interventions specifically
targeting the obesogenic environmental aspects (Ward et al., 2008). Furthermore, other variables at the
ECEC centre level including educators’ age, educational level, professional training and professional
years are recommended to be examined as predictors or covariates in further studies focusing on young
children’s movement behaviours and adiposity.

It should be noted that this thesis focused on formal childcare settings, whereas in informal childcare
settings, the relationships between environment, movement behaviours and adiposity may differ. For
example, a recent narrative review suggested that although the majority of studies reported mixed
findings or no association between childcare type and child obesity, a positive association was less
commonly reported among formal childcare centres (2 of 15 studies), compared to informal type of care
(3 of 10 studies) (Swyden, Sisson, Lora, Castle, & Copeland, 2017). There is also evidence suggesting
low levels of PA in children attending family child care (Rice and Trost, 2014; Temple, Naylor, Rhodes,
& Higgins, 2009). More research in these informal childcare setting and comparisons between formal
and informal sites is therefore needed.

This thesis examined the potential influence of ECEC environments on toddlers’ daily movement
behaviours (PA, SB and nap(s) – Chapter 5) as well as their movement behaviours while at ECEC
centres (PA and SB – Chapter 6). However, it should be noted that there is a larger proportion of time
that children spend out of ECEC centres and movement behaviours during this period are likely to be
influenced by other environments. For example, young children’s nap(s) on non-childcare days and
nighttime sleep usually occurs at home, which is likely to be influenced by home environments such as
screens in bedrooms and parenting practices in terms of bedtime routines (Falbe et al., 2015; Mindell,
Li, Sadeh, Kwon, & Goh, 2015). Other home environmental characteristics, including accessibility to
play equipment, TV and other screens at home, parenting practices, parent role modelling, home chaos,
family stress, and family rules for screen time are associated with young children’s movement
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behaviours (Cardon, Van Cauwenberghe, De Bourdeaudhuij, & Sports, 2011; Hnatiuk et al., 2013; Lee
et al., 2018; Østbye et al., 2013; Schrempft, van Jaarsveld, Fisher, & Wardle, 2015). These may interact
with the ECEC environment to influence young children’s daily movement behaviours and adiposity.
Therefore, future research in this area is needed to simultaneously consider the ECEC centre and home
environments.

Finally, this thesis generated several hypotheses that are worth investigating future studies. For
example, a hypothesis has been made that the positive association between the ECEC environmental
characteristics “personal care routines” and MVPA (Chapter 5) is mediated by psychological factors
such as a sense of security and safety. Also, in the same study, given the positive association between
“listening and talking” and nap(s) duration, it is speculated that nap(s) duration may play a moderating
role in the relationship between language promoting environments in ECEC centres and language
development in toddlers. Some findings from this thesis could be further examined in future qualitative
research. For example, in Chapter 8, despite the high prevalence of sleep problems in toddlers, none of
the parents perceived this as a problem in their children. Reasons for this may be better understood in
future studies using focus groups or individual interviews with parents.
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Table 10.S 1Sensitivity analyses for the associations between environment characteristics and the change in toddlers’ sitting, standing and stepping
time in the subgroup sample having accelerometer measurement at both baseline and follow-up (n=161).
Environmental characteristics
(n=27)

Sitting time
Models

1a

Standing time
Models

2b

Models

1a

Stepping time
Models

2b

Models

1a

Models 2b

Estimate (95%CI)

p value

Estimate (95%CI)

p value

Estimate (95%CI)

p value

Estimate (95%CI)

p value

Estimate (95%CI)

p value

Estimate (95%CI)

p value

Space and Furnishings

1.69(-0.99,4.36)

0.199

1.16 (-1.75,4.06)

0.413

-0.28(-2.29,1.72)

0.767

-0.06(-2.31,2.19)

0.955

-1.28(-2.83,0.27)

0.100

-0.99(-2.30,0.32)

0.131

Personal Care Routines

-0.49(-2.47,1.49)

0.604

-0.79(-2.87,1.29)

0.439

1.43((0.22,2.64)

0.021

1.47(0.06,2.87)

0.042

-0.81(-1.96,0.34)

0.159

-0.48(-1.50,0.54)

0.336

Listening and Talking

0.97(-0.38,2.33)

0.146

0.54(-0.94,2.02)

0.454

-0.13(-1.15,0.89)

0.792

0.02(-1.11,1.16)

0.963

-0.79(-1.53,-0.05)

0.037

-0.57(-1.22,0.09)

0.086

Activities

-0.60(-3.16,1.97)

0.630

-0.85(-3.53,1.83)

0.514

0.57(-1.26,2.41)

0.519

0.89(-1.22,2.91)

0.417

-0.20(-1.73,1.34)

0.793

-0.08(-1.37,1.22)

0.904

Interaction

1.68(0.01,3.34)

0.049

1.00(-1.02,3.02)

0.310

-0.12(-1.42,1.19)

0.843

0.19(-1.39,1.76)

0.805

-1.50(-2.27,-0.74)

0.001

-1.26(-2.00,-0.51)

0.001

Program Structure

0.53(-1.49,2.54)

0.584

0.07(-2.09,2.22)

0.950

0.51(-0.94,1.96)

0.463

0.77(-0.84,2.38)

0.325

-1.08(-2.16,0.01)

0.052

-0.90(-1.82,0.02)

0.055

Parents and Staff

-0.32(-2.86,2.21)

0.792

-0.95(-3.58,1.67)

0.458

0.51(-1.30,2.33)

0.559

0.75(-1.23,2.74)

0.436

-0.18(-1.66,1.30)

0.805

0.12(-1.14,1.38)

0.850

Full Scale

0.89(-2.22,3.99)

0.555

-0.13(-3.49,3.23)

0.937

0.79(-1.39,2.98)

0.456

1.24(-1.24,3.72)

0.307

-1.64(-3.33,0.52)

0.057

-1.15(-2.68,0.38)

0.132

a.

Models were adjusted for time sequence and the clustered design.

b.

Models were adjusted for baseline age, gender, socio-economic status, time sequence, and the clustered design.
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Table 10.S 2 The association between baseline nap duration and nighttime sleep duration in the follow-up sample (n=153).
Model 1

Model 2

Nap duration as the dependent variable
Nighttime sleep duration

Estimate (95%CI) P Value

Estimate (95%CI)

P Value

-0.08 (-0.15, -0.01)

0.036 (-0.14,-0.004)

0.036

0.021

Abbreviation: CI, confidence interval.
Note:
a. Model 1 was adjusted for clustering effects.
b. Model 2 was adjusted for clustering effects, age, gender, socio-economic status and baseline z-BMI.
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Appendix B – Parent Information Sheet

Effects of reduced sitting on toddlers’ cognitive development: a cluster
randomized controlled trial.
Information Sheet for Parents
Dear Parent,
Full details about the project, it's purpose, the researchers involved and what is required of you and your
child, should you agree to be involved, are provided in this information sheet.
What is the purpose of this study?
The aim of this study is to evaluate the effects of reducing sitting time during childcare on cognitive
development among toddlers.
Cognitive development is the construction of thought processes, including remembering, problem
solving, and decision-making.
This program will be implemented in your child’s childcare centre. The research that we are seeking
your consent for is to collect data from you, your partner (if applicable) and your child on the effect of
the program on your child’s sedentary behaviour, physical activity and cognitive development.
Pre-schoolers show high levels of sedentary behaviour. Even at childcare, there are opportunities to
improve the quality of their experiences by decreasing sitting time. If this can be done, it has the
potential to impact on health and development.
What we are asking you and your child to do?
The childcare service that your child attends has agreed to be involved in this study. Given that your
child is enrolled in this childcare service, attends at least twice a week, and is 12 to 24 months of age,
he/she has the opportunity to participate. While your child is in childcare, the educators will provide
ways to reduce total sitting time by 50% and to reduce bouts of sitting to less than 15 minutes. We are
asking your child to be involved in these activities when they attend childcare.
We will ask you to complete a survey about your family structure, education, and lifestyle; your child’s
lifestyle habits; and the health of the child’s mother during pregnancy. The survey will take about 20
minutes to complete. We will also ask you to oversee the wearing of the physical activity accelerometer
by your child, as described below.
At the beginning and end of our program (which will run for 12-months) trained research assistants
visit the childcare service and assess, in the presence of the educators, your child’s sedentary behaviour,
physical activity, height and weight, and cognitive development
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A description of the assessments can be found below:
Cognitive development will be assessed using the Cognitive sub-test from the Bayley Scales of Infant
and Toddler Development. For these we will ask your child explore and manipulate objects of different
colours and shapes (children toys, such as ducks or balls) to order and relate these objects and to perform
simple problem solving activities.
For those children who have turned 3 at the end of the intervention, an additional four tasks will be
assessed: your child will be asked to play four games on an iPad assessing their ability to control their
thinking and behaviour. The games will require children to catch fish, sort cards, identify objects that
match verbal instructions, and remember a number of different locations at once. We have found that
children generally enjoy playing these iPad games, and we can show these to you if you like.
Cognitive assessments and executive function tests will be conducted individually in a private area and
will be scheduled on separate days, where possible, so that children have breaks and do not experience
fatigue.
Sedentary behaviour will be measured during childcare hours over a one-week period using an
activPAL accelerometer. This is a small (53 x 35 x 7mm) and lightweight (15g) device that will be
placed on the front of the upper thigh (using a small hypo-allergenic adhesive gel patch, and covered
with a transparent sticky film to secure it).
Gross motor skills will be assessed using the Peabody Developmental Motor Scales Second Edition
(PDMS-2). Trained data collectors will ask children to perform several tasks to the best of their ability
(e.g. walking on a taped line, jumping or kicking a ball). This will take approximately 10 min per
child.
Your child’s height and weight will be assessed using a set of electronic bathroom scales and a portable
height scale. This will be done in a quite, private space away from other children.
Physical activity and will be measured for a week using the
Actigraph accelerometer. Your child will be given an
accelerometer to wear; this is a very small device worn on a belt
around the waist, which measures an individual’s physical
activity. Your child will be instructed how to put this on and will
be asked to wear it for 7 days as they go about their normal day
to day activities. The accelerometers will be collected back in
after the 7 days.
(See an accelerometer pictured next to a 50c coin to indicate its small size).

Bone mineral density will be assessed using a portable ultrasound system. This will be collected with
the child sitting on a chair with his/her leg extended and his/her foot resting in a relaxed position on the
lap of the data collector.
Retinal microvasculature will be assessed by photographing both eyes of each participant with an
ophthalmic fundus camera.
Social and Emotional Development will be assessed by resting heart rate; and, the educators will
answer a questionnaire about your child’ behaviour, emotions and relationships.
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Blood Pressure will be assessed with a paediatric blood pressure monitor device.
Importantly, this study is a randomised controlled trial. This means that half of the childcare services
involved will be allocated to an intervention group and the other half to a control group. If your child’s
service is allocated to the intervention group then you and your child will participate in the activities as
described above. If your child’s service is allocated to the control group, then they will continue with
their usual practice. The research team will still take the same assessments described in the preceding
paragraphs, so that we can compare these with the intervention group.
What are the benefits and risks involved in this study?
This study will benefit your child’s childcare service by providing information about how to decrease
sedentary behaviour. The results from the study will be presented to the educators at your child’s service
and they, along with interested parents, will have an opportunity to discuss the findings and ways in
which current practices may be modified to improve cognitive development and thereby improve the
health of toddlers enrolled at your child’s service.
There are no risks associated with this study. The activity monitors are small and lightweight devices.
It is not painful to wear nor intrusive. The child may remove these monitors easily at any time if they
no longer wish to wear it. It will take approximately 60 minutes for all the assessments to be completed
on your child. This will be done over two days while they attend childcare. Height and weight will be
assessed by a female data collector out of sight of other children. The data files will be stored on a
password-protected server and only seen by a member of the research team. An educator will be
supervising all assessments.
For parents, the only burden will be the time taken to complete the surveys and to make sure that the
child wears the accelerometer outside childcare hours. The surveys may contain potentially sensitive
questions about financial issues, tobacco and alcohol consumption and family structure. We stress that
this information will not be seen by anyone other than the research team, and, that you may choose not
to answer any of the questions in the survey. The physical activity accelerometers are to be worn by the
child during waking hours and removed for sleeping and water activities (bath/shower and swimming
activities), as theses devices are not waterproof. The accelerometers should be placed around the waist
of your child.
Participation in the study
If you consent to your child’s participation in the study, then you are agreeing that your child takes part
in all assessments. However, your child is free to discontinue participation at any time. Discontinuation
of your child’s involvement will not jeopardise your or your child’s current or future relationship with
their childcare service or with the University of Wollongong.

What will happen to the information that you provide?
All information collected during this study will be kept strictly confidential and be stored in a locked
office. Information that we collect may be used in publications such as papers, conference presentations
and grant applications, however your child’s identity and that of your Childcare service will be kept
strictly confidential. It is anticipated that there will be additional studies relating to the health and
development of young children conducted at your child centre in the future. With your consent, we would
like to be able utilise the de-identified data relating to your family in the current study. Additional consent
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for this used would not be sought; however, any such use would only occur after the Human Research
Ethics Committee of UOW has approved the study.

Who is conducting the study?
• Dr Rute Santos, Research Fellow, Early Start Research Institute, University of Wollongong
• Professor Tony Okely, Professorial Fellow, Early Start Research Institute, University of
Wollongong
• Sanne Veldman, PhD student, Early Start Research Institute, University of Wollongong
If you are happy for your child to participate in this study, please complete the attached consent form
and return it to the Director or Educator of your service on your child’s next day of attendance.
Kind Regards,

Rute Santos (Research Fellow) and Sanne Veldman (PhD Candidate)
Early Start Research Institute, University of Wollongong
rutes@uow.edu.au or slcv960@uowmail.edu.au
+61 2 42218184
If you have any questions regarding the study, please contact Dr Rute Santos on (02) 42218184. If you have any concerns
or complaints regarding the way the research is or has been conducted, you can contact the Complaints Officer, Human
Research Ethics Committee, University of Wollongong on (02) 4221 4457 or by email (rso-ethics@uow.edu.au).
Your cooperation in this project will be greatly appreciated.
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Appendix C – Parent Consent Form

Effects of reduced sitting on toddlers’ cognitive development: a
cluster randomized controlled trial.
Consent form for parents on behalf of their child
I have been given information about the study entitled: “Effects of reduced sitting on toddlers’ cognitive
development: a cluster randomized controlled trial.” and have had the opportunity to discuss the study
with Professor Tony Okely, Dr Rute Santos and Sanne Veldman.
I understand that if I consent for my child to participate they will be asked to:
•
•

Have their sedentary behaviour, physical activity, gross motor skills, height and weight and cognitive
development, retinal microvasculature, blood pressure, bone density and resting heart rate assessed.
This includes, wearing an activity monitor around their waist for one week.
Participate in a reduced sitting time programme during childcare (if they are randomised to the
intervention group) or continue with their usual activities (if randomised to the control group).

I understand that if I consent to participate I will be asked to:
•
•
•

Answer a survey about my family structure, education and lifestyle, my child lifestyle habits, and
about the health of the child’s mother during pregnancy
Oversee that my child wears the activity monitor for one week.
To allow the educator of child to report their emotional and social development

I have been advised of the potential risks and burdens associated with this study. I understand that my
child’s participation is voluntary and that my child is free to withdraw from the study at any time.
Withdrawal from the study will not affect my relationship or that of my child’s, with our childcare service
or with the University of Wollongong now or in the future. Furthermore, I understand that the information
provided may be used in papers, conferences presentations or future grant applications.
If I have any enquires about the study, I can contact Dr Rute Santos or Sanne Veldman on (02) 42218184
or if I have any concerns or complaints regarding the way the study is or has been conducted, I can contact
the Complaints Officer, Human Research Ethics Committee, University of Wollongong on +61 2
42214457 or by email on (rso-ethics@uow.edu.au).
By signing below I am indicating my consent for my child to participate in this study as it has been
described to me in the information sheet and in discussion with Dr Rute Santos or Sanne Veldman.
Can you please return this form on your child’s next day of attendance.
Your cooperation in this study will be greatly appreciated
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CONSENT
Note: If you have a partner living with you, please have him/her sign this consent too, once the
survey to be completed includes questions about you and your partner
I (your name) _______________________________ agree for my child (child’s full name)
__________________________________ , myself and my partner (if applicable) to take part in the
study entitled: “Effects of reduced sitting on toddlers’ cognitive development: a cluster randomized
controlled trial”.
I consent to the de-identified data relating to my family being used in future research that has been
approved by the Human Research Ethics Committee at UOW (please circle): Yes / No
Parent Surname:

_______________________________________________

Parent Given name:

_______________________________________________

Child’s Date of Birth: ___________________________(dd/mm/yyyy)
Sex of the Child: ________________________________(boy/girl)
Home Phone:

___________________________________

Mobile: __________________________________________
Email Address:___________________________________________________________
Preferred method of completing surveys will be (please tick):
☐Online

☐Paper form

☐Face-to-face

☐Telephone - preferred time of day:
☐ Morning
☐ Afternoon
☐ Evening
☐ Specific time_____________

Days my child attends childcare (please tick):
☐Monday

☐Tuesday

(your) Signature:

________________________________________________

(your partner’s) Signature:

☐Wednesday

☐Thursday

☐Friday

________________________________________________

Date: ____________________________________________
Name of Childcare Centre:__________________________________________________
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Appendix D – Educators’ Information Sheet

Effects of reduced sitting on toddlers’ cognitive development: a
cluster randomized controlled trial.
Educators’ Information Sheet about the Study
- What is the purpose of this study?
The aim of this study is to evaluate the effects of reducing sitting time during childcare on cognitive
development. We would like to work with your service to implement this cluster randomized controlled
trial in your childcare centre over a 15-month period starting in 2015. As part of the program, we will
be seeking consent from all educators and families of 14 to 24 months olds from your centre to collect
data on the effect of the program on the children’s cognitive development.
Pre-schoolers show high levels of sedentary behaviour. Even at childcare, there are opportunities to
improve the quality of their experiences by decreasing sitting time. If this can be done, it has the
potential to impact on health and development.
This programme aligns with the EYLF and the NQS and if implemented, can be used to meet a number
of the learning outcomes, including “Children are confidant and involved learners” and “Children have
a strong sense of well-being”.
- What we are asking educators to do?
All educators in the service will be trained to implement learning experiences with reduced sitting time.
Educators will facilitate ways to reduce total sitting time by 50% and to reduce bouts of sitting to <15
minutes. There will be one-day of intensive professional learning, followed by two booster training
sessions (2 hours each) over the course of 12-15 months, to be delivered during the staff meetings at
childcare.
Educators will complete a short questionnaire about their experience, level of training (for example:
What is your highest level of schooling completed?), and their confidence to getting children active and
less sedentary (for example, How confident do you feel you are in: getting toddlers to follow classroom
rules, or How confident do you feel you are in: decreasing toddlers total sitting time by around 50% of
their time while at childcare by modifying routine activities to decrease sitting time?), this will take
approximately 3 minutes to complete . Educators will complete also a two-page questionnaire for each
child involved in the study, about their emotional and social development (the Strengths and Difficulties
Questionnaire) as well as the Social and Emotional Development questionnaire of the Bayley Scales,
these will take approximately 5 minutes to complete (per child). Finally, educators will be asked to
document the learning experiences that have occurred in their service, this will take approximately 10
minutes per month.
Assessments:
At the beginning and end of our program (which will run for 12-months), trained research assistants
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will assess the children’s sedentary behaviour, physical activity, height and weight, and cognitive
development. This will be conducted in a manner which results in as little disruption to the daily routine
as possible and nothing in addition to what educators would do in a usual day will be required.
Cognitive development and executive function will be assessed using the Cognitive sub-test from the
Bayley Scales of Infant and Toddler Development. For those children who have turned 3 at 15-months
follow-up, an additional four executive function tasks will be assessed. These tasks assess three key
executive function components; 1) go/no-go task (inhibition); 2) backward span task, and 3) complex
span task (both assess working memory); and 4) dimensional change card sort (cognitive flexibility).
These tasks will be presented to children presented as 'games' on either an iPad or on cards. These tasks
can be completed in <
per child. Cognitive assessments and executive function tests will be
conducted individually in a private area and will be scheduled on separate days, where possible, so that
children have breaks and do not experience fatigue.
Sedentary behaviour will be measured during childcare hours over a one-week period using an
activPAL accelerometer. This is a small (53 x 35 x 7mm) and lightweight (15g) device that will be
placed on the front of the upper thigh (using a small hypo-allergenic adhesive gel patch, and covered
with a transparent sticky film to secure it).
Gross motor skills will be assessed using the Peabody Developmental Motor Scales Second Edition
(PDMS-2). Trained data collectors will ask children to perform several tasks to the best of their ability
(e.g. walking on a taped line, jumping or kicking a ball). This will take approximately 10 min per
child.
Child’s height and weight will be assessed using a set of electronic bathroom scales and a portable
height scale. This will be done in a quite, private space away from other children.
Physical activity and will be measured for a week using the Actigraph accelerometer. The child will be
given an accelerometer to wear; this is a very small device worn on a belt around the waist, which
measures an individual’s physical activity. The child will be instructed how to put this on and will be
asked to wear it for 7 days as they go about their normal day to day activities. The accelerometers will
be collected back in after the 7 days.
Bone mineral density will be assessed using a portable ultrasound system. This will be collected with
the child sitting on a chair with his/her leg extended and his/her foot resting in a relaxed position on the
lap of the data collector.
Retinal microvasculature will be assessed by photographing both eyes of each participant with an
ophthalmic fundus camera.
Social and Emotional Development will be assessed through heart rate variability, by resting heart
rate.
Blood Pressure will be assessed with a paediatric sphygmomanometer.
Importantly, this study is a randomised controlled trial. This means that half of the childcare services
involved will be allocated to an intervention group and the other half to a control group. If your service
is allocated to the intervention group then the educators and the children and families will participate
in the activities as described above. If your service is allocated to the control group, then the educator
will receive training in another program (such as Munch and Move). The research team will still take
the same assessments described in the preceding paragraphs, so that we can compare these with the
intervention group. At the end of the study, we will provide all the intervention materials to the control
centres.
- What are the benefits and risks involved in this study?
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This study will benefit your childcare service by providing information about how to decrease sedentary
behaviour. The results from the study will be presented to the educators and they will have an
opportunity to discuss the findings and ways in which current practices may be modified to improve
cognitive development and thereby improve the health of toddlers enrolled at your service.
There are no risks associated with this study. The activity monitors are small and lightweight and worn
on an elastic belt. They are not painful to wear nor intrusive. The child may remove these monitors
easily at any time if they no longer wish to wear it. It will take approximately 60 minutes for all the
assessments to be completed on each child. This will be done over a week while they attend childcare.
Height and weight will be assessed by a female data collector out of sight of other children. The data
files will be stored on a password-protected server and only seen by a member of the research team.
- Participation in the study
Educators will be free to discontinue participation at any time. Discontinuation of your involvement
will not jeopardise your current or future relationship with Early Start or with the University of
Wollongong.
- What will happen to the information that you provide?
All information collected during this study will be kept strictly confidential and be stored in a locked
office. Information that we collect may be used in publications such as papers, conference presentations
and grant applications, however your identity and the identity of the childcare centre will be kept strictly
confidential.
- Who is conducting the study?
• Dr Rute Santos, Research Fellow, Early Start Research Institute, University of Wollongong
• Professor Tony Okely, Professorial Fellow, Early Start Research Institute, University of
Wollongong
• Sanne Veldman, PhD student, Early Start Research Institute, University of Wollongong
We look forward to working with your Service on this project should you wish to participate.
If you have any questions regarding the study, please contact Dr Rute Santos on (02) 42218184. If you
have any concerns or complaints regarding the way the research is or has been conducted, you can
contact the Complaints Officer, Human Research Ethics Committee, University of Wollongong on (02)
4221 4457 or by email (rso-ethics@uow.edu.au).
Your cooperation in this project will be greatly appreciated.
Kind Regards,

Rute Santos (Research Fellow) and Sanne Veldman (PhD Candidate)
Early Start Research Institute, University of Wollongong
rutes@uow.edu.au or slcv960@uowmail.edu.au
+61 2 42218184
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Appendix E – Educators’ Consent Form

Effects of reduced sitting on toddlers’ cognitive development: a
cluster randomized controlled trial.
Consent form for Educators
I have been given information about the study entitled: “Effects of reduced sitting on toddlers’ cognitive
development: a cluster randomized controlled trial” and have had the opportunity to discuss the study
with Professor Tony Okely and Dr Rute Santos and Sanne Veldman.
I understand that if I consent to participate I will be asked to:
•
•
•

Participate in trainings for and implement reduced sitting time program, during childcare (if my centre
is randomised to the intervention group) or participate in training and implement the Munch and Move
program (if my centre is randomised to the control group) for an 18-month period
Complete a short questionnaire about myself and my education, and my confidence to getting children
active and less sedentary
Complete a short questionnaire on individual children at the centre regarding their approaches to
learning

I have been advised of the potential risks and burdens associated with this study. I understand that my
participation is voluntary and that I am free to withdraw from the study at any time. Withdrawal from
the study will not affect my relationship with my childcare service or with the University of Wollongong
now or in the future. Furthermore, I understand that the information provided may be used in papers,
conferences presentations or future grant applications. If I am involved in any future studies conducted
within this engagement centre I give permission for de-identified data collected in the present study to
be linked to any future data which may be collected.
If I have any enquires about the study, I can contact Dr Rute Santos or Sanne Veldman on (02) 42215726
or if I have any concerns or complaints regarding the way the study is or has been conducted, I can contact
the Complaints Officer, Human Research Ethics Committee, University of Wollongong on +61 2
42214457. Or by email on (rso-ethics@uow.edu.au).
By signing below I am indicating my consent to participate in this study as it has been described to me
in the information sheet and in discussion with Dr Rute Santos or Sanne Veldman.
Your cooperation in this study will be greatly appreciated.
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CONSENT
I (your name) ___________________________________ agree to take part in the study entitled
“Effects of reduced sitting on toddlers’ cognitive development: a cluster randomized controlled trial”.
Surname:

__________________________________________________

Given name:

___________________________________________________

Address:

__________________________________________________

Postcode:

__________________________________________________

Phone: __________________________________________________
Email:

__________________________________________________

Name of Childcare Centre:
________________________________________________________________________

Signature:

___________________________________

Date:

___________________________________
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Appendix F – Family Survey

FAMILY QUESTIONNAIRE

ABOUT YOU AND YOUR FAMILY
Instructions:
This survey should be completed by the MAIN CAREGIVER of the child/children in the study. The main
caregiver is the person who lives with the study child/children and is most knowledgeable about their
behaviour, personality and daily care arrangements.
Please try to answer all the questions truly and accurately.
This questionnaire takes about 20 min to complete.
__________________________________________________________________________________
________________________________
SECTION 1 – About You
__________________________________________________________________________________
________________________________
1. What is today’s date? _______/_______/ ____________ (dd/mm/yyyy)
2. What is your full name? First Name

Last Name

3. Are you the main caregiver for the child/children in the study?

Yes

☐

No

☐

4. What is YOUR age? ____________ years
5. Are you:

Male

☐ Female ☐

6. Are you of Aboriginal or Torres Strait Islander origin?
No

☐

Aboriginal

☐

Torres Strait Islander

☐

Both

☐

7. What is the main language you speak at home?
English

☐

Other

☐ (please specify)

8. What is your postcode? ____________________
9. How many children do you have at this service?

1

☐

2

☐

3

☐

4

☐

5+

☐
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☐

10. What is your current marital status? Single/separated/divorced

☐

married/with partner

__________________________________________________________________________________
_______________________________
SECTION 2 – About You and Your Partner
__________________________________________________________________________________________
__________________________________

Please fill this section for the Primary Caregiver and partner. Please leave the partner section blank
if you do not have a partner.
11. What is your (and your partner’s) highest level of schooling completed?
You
applicable)

☐

No schooling/did not complete Primary School
Primary school or equivalent
Year 10 or equivalent (e.g. School Certificate)
Year 12 or equivalent (e.g. Higher School Certificate)
Trade/apprenticeship/certificate (e.g. hairdresser, plumber)
University Degree
Post-graduate qualification (e.g. Masters, PhD)

☐

☐
☐
☐
☐
☐

Your partner (if

☐

☐

☐
☐
☐
☐
☐

12. What is the nature of your (and your partner’s) employment?
You
Employed, full time
Employed, part time
Self-Employed
Not employed
Other
(please specify) You

Your partner (if applicable)

☐
☐
☐
☐
☐

☐
☐
☐
☐
☐

__________________________________________________________________________________
_______
Your partner (if applicable)
________________________________________________________________
13. What is your (and your partner’s) disposable income per week?
Disposable income is your weekly income after taxes.
You

Your partner (if applicable)
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Less that 580$/week
Between 580$ and 1,240$/week
More than 1,240$/week

☐
☐

☐

☐
☐

☐

14. How many hours per week do you (and your partner) work?
You ____________hours/week

Your partner (if applicable) ____________hours/week

15. What is your (and your partner’s) employment (job title) ?
You
__________________________________________________________________________________
___________
Your partner (if applicable)
_________________________________________________________________________

16. What is the main source of your (and your partner’s) income?
You
Government benefits
Casual or part-time hourly salary
Full-time job salary
Profits of company or CEO salary
Other
(please specify) You

☐
☐
☐
☐
☐

Your partner (if applicable)

☐
☐
☐
☐
☐

__________________________________________________________________________________
_______
Your partner (if applicable)
________________________________________________________________

__________________________________________________________________________________
________________________________
SECTION 3 – Your Family Structure
__________________________________________________________________________________
________________________________
1. How many children (less than 18 years old), do you have living in your household? ________
2. How many adults (18 years old or older), including you, live in your household? ___________
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__________________________________________________________________________________
________________________________
SECTION 4 – About You and Your Partner Lifestyles
__________________________________________________________________________________
________________________________
Please fill this section for the Primary Caregiver and partner. Please leave the partner section blank
if you do not have a partner.
1. Do you (and your partner) currently smoke or smoked in the past?
You

Your partner (if applicable)

Never smoked

☐

☐

Smoke occasionally

☐

☐

☐

☐

☐

☐

(on average less that 1 cigarette/day)

Used to smoke daily (at least 1 cigarette/day)
but quit smoking more than 6 months ago
Used to smoke daily (at least 1 cigarette/day)
but quit smoking less than 6 months ago
Currently smoke daily (at least 1 cigarette per day) ☐
How many cigarettes per day?

☐

________________

_________________

cigarettes/day
2. During the last 12 months, how often did you (and your partner) usually have any kind of
drink containing alcohol? (one drink is considered a can or glass of beer or cooler, glass of wine, or
a drink containing 1 shot of liquor, for example).
You
Every day
5 to 6 times a week
3 to 4 times a week
twice a week
2 to 3 times a month
3 to 11 times in the past year
1 or 2 times in the past year

☐
☐
☐
☐
☐
☐
☐

Your partner (if applicable)

☐
☐
☐
☐
☐
☐
☐

3. During your lifetime, what is the maximum number of drinks containing alcohol that you
drank within a 24-hour period?(one drink is considered a can or glass of beer or cooler, glass of wine, or
a drink containing 1 shot of liquor, for example).

You ______________________

Your partner (if applicable)
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______________________
4. During the last 12 months, how many alcoholic drinks did you (and your partner) have on a
typical day when you drank alcohol? (one drink is considered a can or glass of beer or cooler, glass of
wine, or a drink containing 1 shot of liquor, for example).

You ______________________

Your partner (if applicable)

______________________
5. During the last 12 months, how often did you have 5 or more (males) or 4 or more (females)
drinks containing any kind of alcohol in within a two-hour period? (one drink is considered a can or
glass of beer or cooler, glass of wine, or a drink containing 1 shot of liquor, for example).

You
Every day
5 to 6 days a week
3 to 4 days a week
2 days a week
1 day a week
2 to 3 days a month
1 day a month
3 to 11 days in the past year
1 or 2 days in the past year

☐
☐
☐
☐
☐
☐
☐
☐
☐

Your partner (if applicable)

☐
☐
☐
☐
☐
☐
☐
☐
☐

6. What is your (and your partner) current weight and height?
You
Weight

____________ kg

Your partner (if applicable)
____________ kg

Height
____________ cm
____________ cm
__________________________________________________________________________________
________________________________
SECTION 5 – Your Child aged 14 to 24 months in this childcare service
__________________________________________________________________________________
________________________________
1. What is the full name of your child aged 14 to 24 months in this Childcare service?
First Name ______________________________________
Last Name _______________________________________
2. What is this child’s date of birth? _______/_______/ ____________ (dd/mm/yyyy)
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3. What is this child’s gender?

☐

Male

Female

☐

4. How many days per week does this child usually attend this service? (please circle one)
1

2

3

4

5

5. How many hours per week does this child attend this service? _______________ hours/week
6. At what age did this child start at this service?

years

months

7. What is the birth position for this child? (please circle one)
1st

2nd

3rd

4th

5th

8. This child has a twin brother(s)/sister(s)?

6th+
No ☐

Yes☐ If yes, how many? __________

9. Is YOUR CHILD of Aboriginal or Torres Strait Islander origin?
No ☐

Aboriginal ☐

Torres Strait Islander ☐

Both ☐

10. What is your relationship to this child?

☐ Biological mother

☐ Biological father
☐ Step father
☐ Adoptive father

☐ Step mother
☐ Adoptive mother
☐ Grandmother
☐ Grandfather
☐ Aunt
☐ Uncle
☐ Female cousin
☐ Male cousin
☐ Other (please specify the relationship to child)

__________________________________________________________

11. What is your partner’s relationship to this child?
(please leave the partner section blank if you do not have a partner)

☐ Biological mother

☐ Step mother
☐ Adoptive mother
☐ Grandmother
☐ Aunt

☐ Biological father
☐ Step father
☐ Adoptive father

☐ Grandfather
☐ Uncle
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☐ Female cousin
☐ Male cousin
☐ Other (please specify the relationship to child) __________________________________________________________

12. What was this child’s birth weight and length? (please write “Don’t Know” if you don’t know)
Weight

_____ . ________ Kg

Length ________ . _____cm

13. At what week of gestation was this child born? ________________ weeks of gestation.
(please write “Don’t Know” if you don’t know)

14. How much weight did the mother of this child gain during pregnancy?___________ Kg.
(please write “Don’t Know” if you don’t know)

15. How was the type of birth of this child?
Normal (vaginal delivery)
Instrumental vaginal delivery (forceps or vacuum extraction)
Caesarean

☐
☐
☐

16. During the pregnancy of this child did the mother have any of the following conditions?
Hypertension during pregnancy or pre-eclampsia ☐

Yes

☐
☐

Gestational Diabetes
Diabetes Type II

☐

Diabetes Type I

☐
☐

Vitamin D deficiency
Anaemia

☐

Cardiovascular Disease

☐

Thyroid dysfunction

☐

☐

☐

No

☐
☐
☐
☐
☐

(hyperthyroidism, hypothyroidism or hypothyroxinemia)

17. During the pregnancy of this child did the mother:
Yes
Smoke during pregnancy
Drink any amount of alcohol
Take a specific pregnancy multivitamin
Take a folic acid supplement

☐

☐
☐
☐

No

☐

☐
☐
☐
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☐
☐

Take a vitamin A supplement
Take a vitamin D supplement

☐
☐

18. During the pregnancy of this child was the mother physically active?
No ☐

Yes (at least 30 min per day of moderate or vigorous physical activity)☐

Note:
Moderate activities refer to activities that take moderate physical effort and make you
breathe somewhat harder than normal (ex. brisk walking)
Vigorous physical activities refer to activities that take hard physical effort and make
you breathe much harder than normal (ex. heavy lifting, digging, aerobics, or fast
bicycling).

Sleeping habits of your child:
19.How long after going to bed does your child usually fall asleep?
≤ 15 min ☐

15–30min ☐

30–45 min ☐

45–60 min ☐

≥ 60 min ☐

20. This child goes to bed reluctantly ?
Never

☐

☐

once or twice a month

1 or 2 times/week☐

3 to 5 times/week☐

every night ☐

21. This child has difficulty getting to sleep at night (and may require a parent to be present).
Never

☐

☐

once or twice a month

1 or 2 times/week☐

3 to 5 times/week☐

every night ☐

3 to 5 times/week☐

every night ☐

3 to 5 times/week☐

every night ☐

22. This child does not fall asleep in his or her own bed.
Never

☐

☐

once or twice a month

1 or 2 times/week☐

23. This child wakes up two or more times in the night.
Never

☐

☐

once or twice a month

1 or 2 times/week☐

24. After waking up in the night the child has difficulty falling asleep again by himself or herself
?
Never

☐

☐

once or twice a month

1 or 2 times/week☐

3 to 5 times/week☐

every night ☐

25. This child sleeps in the parent’s bed at some time during the night.
Never

☐

☐

once or twice a month

1 or 2 times/week☐

3 to 5 times/week☐

every night ☐

26. If this child wakes, he or she uses a comforter (e.g. Dummy) and requires a parent to replace
it.
Never

☐

☐

once or twice a month

1 or 2 times/week☐

3 to 5 times/week☐

every night ☐

27. This child wants a drink during the night (including breast or bottle-feed).
Never

☐

☐

once or twice a month

1 or 2 times/week☐

3 to 5 times/week☐

every night ☐
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28. Do you think your child has sleeping difficulties?

Yes

☐

No

☐

Weekdays

Weekend

days
29. What time does your child goes to bed?

______H _____ min (p.m.)

______H

______H _____ min (p.m.)

______H

_____ min (p.m.)
30. What time does your child goes to sleep?
_____ min (p.m.)
31. What time does your child wakes up?

______H _____ min (a.m.)

______H

_____ min (a.m.)

32. Do you have rules about screen entertainment?

Yes

☐

No

☐

(screen entertainment includes TV, DVDs, iPad, tablet, computer and handheld games)

33. For how long does this child use screen entertainment on a typical weekday?
____________________Hours_____________________Minutes
34. For how long does this child use screen entertainment on a typical weekend day?
____________________Hours_____________________Minutes
35. Does this child have screen entertainment in their bedroom? Yes

☐

No ☐

36. How often does this child uses screen entertainment while eating dinner?
Never or rarely

☐

1-3 times/week ☐

4-6 times/week

☐

Every day ☐

37. At what age did your child started to walk independently? _________________ months.

Thank you for your time.
We hope you have found this questionnaire interesting!
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